Student Solutions Manual 

containing selected solutions to 


FUNDAMENTALS OF MACHI NE 
COMPONENT DESI GN 



by 

Robert C. J uvinall and Kurt M. Marshek 


Copyright ©2003 by J ohn Wiley & Sons 



John Wiley & Sons, Inc. 

New York / Chichester / Weinheim 
Brisbane / Singapore / Toronto 


SOLUTION (2.3) 

Known: An automobile of weight W and wheel base L slides while braking on 
pavement with given coefficient of friction. The location of the center of gravity is 
specified. 

Find: Draw a friv-hody diagram nf the antnmnhile 


Schematic and Given Data: 



Assumptions: 

1 . The friction force is constant during braking. 

2. The vehicle deceleration is uniform. 

3. The motor exerts negligible torque on the wheels (the motor is disconnected). 
Analysis: 

1 . From summation of moments at point R, 

X M„ = -F(L) - Ah + Wc = 0 

2 . From summation of forces in the vertical direction, 

X F, = 0 = R - W + F = 0 


3 . From summation of forces in the horizontal direction, 

X F„ = 0 = A + pR + pF = 0 

4. Solving by eliminating A and R gives 
-FL + phW + Wc = 0 

< c . r c _ W(C + ph) 

5 . Solving for F gives, F = = 

L 

Comment: For a 4000 lb vehicle, with L =120 in., h = 26 in., c = 70 in., and 

p = 0.7; 

1. F = 4000 lb ^ 7 ° * - - + - ( - f. 7 ’ - ( - 2 — ln -^ = 2940 lb 


2. With the vehicle stationary, the static force on the two front tires is 2330 lb. 


SOLUTION (2 9) 

Known: An engine and propeller rotate clockwise viewed from the propeller end A 

reduction gear housing is bolted to the engine housing through the bolt holes shown. 

The power and angular velocity of the engine arc known. 

Find: 

(a) Determine the direction and magnitude of the torque applied to the engine 
housing by the reduction gear housing. 

(b) Determine the magnitude and direction of the torque reaction lending to rotate 
(roll) the aircraft. 

(c) Find an advantage of using opposite-rotating engines with twin-engine propeller- 
driven aircraft. 

Schematic and Given Data: 



v 


Assumption: The friction losses are negligible. 


Analysis: 

1 From Eq. (1 .3), engine torque, T = — — ^ =* = 219 lb ft 

11 tJoOv 

2 Reduction gear torque, T - 219(1.5) - 328 lb ft 



3 . The attachment forces apply an equal and opposite torque of 328 lb.ft ccw 
tending to "roll" the airplane— see (*) in the above figure. 

4 Thus, the torque applied to the engine housing by the reduction gear housing is 
109 lb It counter-clockwise, and the torque reaction tending to rotate the aircraft 
is 328 lb ft counter clockwise. ■ 

5. Torque reactions applied to the air frame by the two engines cancel. (This 

produces bending in the connecting structure, but does not require a compensating 
roll torque from the aerodynamic control surfaces.) ■ 


SOLUTION (2.17) 

Known: The gcoiuetiy and dimensions of die geai and shall assembly are known. 


Find: Draw a free- body diagram of the assembly. Also draw the free-body 
diagrams for gear 1, gear 2 and the shaft 



Assumption: Gravity forces are negligible 
Analysis: 




SOLUTION (2.27) 

Known: A force P is applied to an engine crankshaft by a connecting rod. The shaft 
is supported by main bearings A and B Torque is transmitted to an attached member 
through flange F. 

Find: 

(a) Draw the shaft, and show all loads necessary to place it in equilibrium as a free- 
body. 

(b) Starting with P and following the force paths through the shaft to the flange, 
identify - the locations of potentially critical stresses. 

(c) Making appropriate simplifying assumptions, write an equation for each 

Schematic and Given Data: 



Analysis: 

1 . Where "P” is applied to the crankpin. the compressive stress (assuming uniform 
stress distribution) is given by; 


a = 


P 

Projected Area 


- P/DL 


2 


The shear stress at section 2 (assuming uniform stress distribution) is: 


P ^ 2P 

~2it(D J -dV4 ~ JftD^-d 1 ) 

3. The shear stress at section 3 (assuming a uniform distribution): x = P/2lA 
4 The torsional stress at section 4 (neglecting stress concentration): 

T _ Ic _ (PR)(D/2) _ ] 6 PRD 
" J 

5 . The shear stress at cylindrical section 5 : 

T 2PR 
tcDf(D/2) - jt D 2 f 

6. Bending stresses are also present, the magnitudes of which depend on rigidities of 
the shaft and associated components, and on the fits between these components. 


SOLUTION (2.31) 

Known: Two plates are joined with straps and a single row of rivets (or bolts). 

Plates, straps, and rivets are made of ductile steel with known yield strengths. 

Find: 

(a) Calculate the force F that can be transmitted across the joint per pitch P, of joint 
width, based on the rivet shear strength. 

(b) Determine minimum values of t, t' , and P that will permit the total joint to 
transmit this same force (thus giving a balanced design). 

(c) Determine the efficiency of the joint (ratio of joint strength to strength of a 
continuous plate). 

Schematic and Given Data: 



i 



Assumption: The frictional forces between the plates and straps are negligible. 
Analysis: 

(a) Each pitch involves transmitting force "F" through 1 rivet in double shear: 

F = 2F^j • S ys = 2 (25k mm 2 Xl 70 MPa) = 26,700 N ■ 

(t>) For plate and strap to have equal tensile strength and equal compressive strength 
(at rivet interface), t = 2t'. 

The compressive load carrying capacity (at rivet interface) is F = Projected area • 
Syc : 

26,700 N - 10 t mm 2 * 300 MPa Hence, t - 8.90 mm: t' - 4.45 mm. ■ 
The tensile load carrying capacity (at rivet interface) is F = (P -10) t • Syi : 
26,700 N = (P - 10X8.90) inm 2 • 300 MPa 

P = 20 mm ■ 

pff _ Joint streng th 26,700 _ 

(c) . lciency - a con tjnuous plate “ Sy,(tXP) “ 


26,700 


(300 MPa)(8.90 mm)(2Q mm) 


= 0.50 = 50% 


SOLUTION (3.5) 

Known: A tensile specimen of a known material is loaded to the ultimate stress, then 
unloaded and reloaded to the ultimate stress point 

Find: Estimate the values of a, e, at. £t for the first loading and the reloading. 



Assumption: After unloading the stress-strain curve starts at point H for the new 
specimen. 

Analysis: 

1. For the initial sample, cr = 66 ksi, £ = 30%. ■ 

2. For Figure 3.2, R = 1.3 at point H. 

3. From Eq. (3.4), gt= oR = (66)( 1.3) = 85.8 ksi. ■ 

4. From Eq. (3.5), £t= ln(l + £) = In 1.30 = 0.26 = 26%. ■ 

5. For the new r specimen; o = 66(1.3) = 85.8 ksi. ■ 

6. The new specimen behaves elastically, so £ = o/E = 85.8/30,000 = .00286. ■ 

7. Within the elastic range, ot = G and et ~ £. Therefore oj = 85.8 ksi and 

£ T = 0.29%. ■ 


Comment: Note also that et — ln< 1 + £) = In(1.0029) = 0.29%. 


SOLUTION (111) 

Known: An AISI steel part is heat treated to 3,17 Bhn. A second A] SI 4340 
Steel part is heal Heated to M3 Btin 

Find; Estimate values of 5*, and S. t for both pans. 

Schema tie and I liven Data: 



Assumptions; 

1 The expet imctiially determined relationship of ultimate strength to hardness is 
sufficiently accurate. 

2 . The eAperitnenndiy developed relationship of yield strength to ultimate strength is 

sufficiently accurate for our purposes, 

Analysis: 

] , Using Eq. £3. UK we can estimate S^. 

Sv * KaHft 

inhere Kb = 500 for most steels, 

f or Fart l„ S„ ±= $ 00 < 2 I 7 ) - K) 6 , 5 fXJ p»: for Part 2 , = 500 ( 363 ) 

- J 81 .500 psi ■ 

2. Si, ean be estimated by using Et). (3.12). Sy = 1.05 S u - 30.000 psi. For Fart 1, 
S, = l 05(108,500} - 30,000 = S3 ,925 psi. For Part 2 . S v = 1.05(181,500) - 
30,000 = 160,575 psi. ■ 

Comments; 

1 . Equation [3. 1 2 ) is u good esiittlaie of the tensile yield strength of stress-relieved 
(not eoltl-wurked} steels. 

2 Expenrrvenia] data would be helpful to rcEine the above equations for specific 
steels. 


SOLUTION (43) 

Known: A shaft is axially loaded in comprcssum. 


Find: List the leLEeiud suctions where die average compressive stress is equal to P/A. 
Also list the sections where the maximum stress is equal to P/A. 

Schematic and Given Data: 



Assumptions: 

1 . The shaft will not buckle. 

2. There are no residual stresses in the shaft. 

3 . The load is applied exactly along the centroidal axis of the bar. 

Analysis: 

1 . All sections have average stress = P/A. 

2 . Sections B, E. and F should have maximum stress approximately equal to P/A. 

Comment: The maximum stress is equal to P/A only if the load is uniformly 
distributed over the cross section. 


SOLUTION (4.5) 

Known: A steel propeller shaft with a given diameter transmits a known power at a 
specified angular velocity. 

Find: 

(a) Determine the nominal shear stress at the surface. 

(b) Determine the outside diameter required to give the same outer surface stress if 
a hollow shaft of inside diameter 0.9 times the outside diameter is used. 

(c) Compare the weights of the solid and hollow shafts. 

Schematic and Given Data; 



Assumptions: 

1 . Bending and axial loads are negligible. 

2 . The bar is straight and round. 

3 The material is homogeneous, and perfectly elastic within the stress range 

involved. 

4. The effect of stress raisers is negligible. 


Analysis: 

1. From Eq. (1.3), T = 325^. 

T = ^5^2500) = 6565 lb ft = 78,780 lb in. 


From Eq. (4.4), x = 

k d 3 


16 (78,780) 
7t(2) 3 


50,153 psi = 50 ksi 


2 . 


3>. Pur a hollow shaft, 

4 ^ ■ < 0.9 * d n l = 2- 
0344 d<>3 = & 

do = 2,8ft in, ■ 

4 W t . bulla w = Are a hollow _ - H I ^ X - Aft J _ q g 

Wt. solid Area solid 2 3 

Comment: It is mure economical to u se a hollow shall when pure shear stress is 
involved 


SOLUTION (4.10) 

Known: The maximum shear stress is given for a hollow shaft of known geometry 
subjected to pure torsion. 

Find: Determine the torque that produces the given maximum shear stress. 
Schematic and Given Data: 



Assumptions: 

1 . The shaft is straight. 

2 . The material is homogeneous and perfectly elastic. 

3. There are no stress raisers. 

Analysis: 


2. T 


*U00){24 + - 20*) 


16(24) 


a 141 * HP N-mm = Ml N-m 


SOLUTION (4. I S) 

Known: A straight round shutt u subjected to a known bending moment. 
Lind: Circulate the nominal bending sue&b a! Lbu surface. 


Sdiemalic and Given Data: 



Assumplioni: 

I . The bur is initially straight 

2 The niitUTuJ in hotnujrttteuus and tjerfeclly das lie. 
3. There me no stress raisers- 


Analysis: 

From Eq (4.6), fT 


(or a round bar 

7nd 


32(38,400 in lb) . ,, c . 

Q- , = 14.467 us] = 14.5 ksi 

Hf3 in.) 5 r 


SOLUTION (4.19) 

Known: A known force is exerted on an S-hook. 

Find: Determine the location and magnitude of die maximum tensile stress. 

Schematic and Given Data: 



Assumption: Material is homogeneous and perfectly clastic. 
Analysis: 

1 . At point A, the tensile stress due to bending is 

c-^MK t [From Eq. (4.11)] 

rtd 

The tensile stress due to tension is 


° = A = rctf ^ Fr ° m tq (4 1 ^ 



J Ijus, Hit combined tensile suites is 


* ^ Kl + 


2. From Kg. 4. L ] r for f ~ ^ ^ ^ ^ 

J. a - (114) 32<600) + ~ = 6,967 + 25 5 

■ n*l) s mf 
= 7.222 psi 

At point A, a = 7,2 ksi, 

4- At j-XJiul K. [join F"j_ic . 4. 1 l, foi 

roV '-^ 110 

.. _ ^2(800) . 4(200) 

= K.4M + 235 - 4,219 f>si 


U'KUh. 



W»in lb 


At point B, a = 9 2 Vm This point corcispoiids to the location of the maximum 
tensile stress. M 

Comment: The inner fiber is stressed more than the outer fiber because the stresses 
due to the direct tension and bending ate of the same sign, and hence, add up to give 
a Large resultant stress. 


SOLUTION (4.34) 

knimn: A italic vertical load is applied tck the handle of a hand crank 
Find: 

(a) Copy The drawing and marl on if the location at highest bending stress. Make 
linee-tiiittensiooal Mohr- circle representation of the stresses at this point, 
f h I Mark on Liu draw, nil Ltu location at highest combined torsional and transverse 
mIicai sticks Make a three-dimensional Mofar-eirck reptuseoniLiuti u i Lite 
stresses at this point. 



Assumptions: 

3 . The weight of the hand crank is negligible 
2 . The effect of the stress concentration is negligible. 

3 . The crank material is homogeneous and perfectly elastic 


Analysis; 

I For bending. Rq. (4.fi) 


32M _ 32(300 n un jt 1 MM) 
rod ? n(25 mm) 3 


195,6 MPa 


2. For torsion,, Eq. (4.4) 


I6T , 16(250 i nmM 1 000 N) 
rod 1 ' ro(25 tnmj" 


81.5 MPa 


3. Tor transverse shear. Eq. (4.13) 


= ^V = 4(1000 W) 
3A 3 ii(12,5 mm)* 


= 2,7 MPa 


4. From the Mohr circle for "a", 
x mix = 128 MPa, a m „ = 225 MPa. 
From the Mohr circle for ”b", 

W = 84.2 MPa, a max = 84.2 MPa. 



6 . 



SOLUTION (4.41) 

Known: A small pressurized cylinder i.s attached at erne end and loaded with a pipe 
wrench at [he other. The stresses due Co the internal pressure and the pipe wrench 
arc known. 


Find' 

fa) ttruw a Mohr-circle representation of the state of stress at point A. 
fbl Determine the magnitude of the mas i mum shear stress at A. 

{c ) Sketch the onentation of a principal element, and show ail stresses acting on it. 



Assumption: The "pcKilivB-tl&ekwise' 1 rule is used 

Analysis: 

I. 



2. The maximum shear stress at A is T max = 278 MPa 

3. 



SOLUTION (4.48) 

Known: A cylinder is internally pressurized to a known pressure which causes 
known tangential and axial stresses in the outer surface. 

Find: Draw a Mohr-circle representation of the stresses in the outer surface and 
determine the maximum shear stress experienced 


Schematic and Given Data: 



Free surface, c 

3 


0 


Assumption: The "positive-clockwise" rule is used. 
Analysis: 



The maximum shear stress in the outer surface is 150 MPa. 

Comments: 

1 . The principal stress c 3 is zero at the outer surface. 

2. The tangential stress is analytically twice the axial stress at the outer surface of 
an internally pressurized cylinder. We could speculate in this problem that a 
stress concentration existed which increased the axial stress from 1 50 MPa to 
175 MPa. 


SOLUTION Witt 

Known: The ireotnetry and the tensile force acting on a specimen ant known 
Find: De termin e the maximum stress at both the hole and duo notch. 

Schtmjlk and Given Hutu; 



Analysis 

1 . The nominal stress at the hole and notch is c-^ = ,, = ! .43 MPa. 

(200 - 60)25 

1. For the notch: hL<h = 2QWI70 = 1.2. r/h * IS/170 ^ Q.W. From Ft* (4 396), K, 
- 2 .45. 

Therefore, the maximum stress in the nolch <r Nmai = 2.45(1 43) = 3.5 MPa 
3 . For the hole: ctfb = 3Q/2OT = 0,15. From Fig (4.40b), K t ±± 2-5, 

Therefore, the maximum stress in the hole = 2.5( L .43) = 3.6 MPa. 

Comments: 

f . The above stress concentration factor is theoretical based on a tlieorctical 
elastic, homogeneous, isotropic material. 

2. The value of the maximum stress at the holt is greater than that at the notch, 

3. Divide the plate into two notched bars For each notched bar. Cjiom = 1 ,43 
MPa. H/h = 1.43, r/h = 0.21, Ki ~ 1.95, <w = 2.8 MPa. 


SOLUTION (5.3) 

Three residing $ are obtained from an cquuuigulm strain ga^e rusetle mounted 
on a firee and unloaded surface of a part 

Kindi Determine the tna^mlude of the principal strains mid their c-nenhitiun with 
reflect tu- the o' j^e. Check the results with a Mofar circle. 

Kehcmalii? and Ciiven Data: 


e lfc = +0.0003 , 



t 

i 


€ (, = - D.IT0O5 


e 3HP =+O.TOI 


Assumption: The three known strains me ;lII I mem strains. 


Analysis: 

I. From Eij. {5.1 ) t 



Eti+E | ± + I + {fcLaflrSgifl} 1 


f-O.fffl [-O.ftOO^ -O.OOT? 


iO.poo3-o.wn-' 

3 


= 0.0002*7 ± 0,000*67 

Thus, Ci ■ 0.001 33 ru/m. e? - -0.000600 m/m. 


2. From Eq. «J>, 


tan 2ft 


2Eis-€ iitr^ziuT 



2ft = 2ff\ 20B' 1 


Use the rule that the higher principal snain always lies within 30" of the 
aJ pebrai caily highest of £-t £ ] 2 u, e 2 „ u . Then, E| ]S 74 u clockwise from the 0° sage 

and £j is clockwise from [he LM-' page. ■ 



SOLUTION (5.8) 

Known: Three readings are obtained from a rectangular strain gage rosette mounted 
on a free and unloaded surface. 


Find: Determine the magnitude of the principal strains and their orientation with 
respect to the 0° gage. Check the results with a Mohr circle. 

Schematic and Given Data: 


6»o = 

■1200 

6 90 = - 

1200 


/ 




✓ 


E 45 — -400 

- _ J 

V 

, \ \ 

/ , 

a 


7 


/ 

g o = +2000 

* 

€ o ss +2000 

^22i= -400 


' 

' 


Gage readings 

1 

Equivalent rosettes 


Assumption: The three known strains are all linear strains. 

Analysis: 

1. From Eq. (5.3), e u = ^^± 

_ (2000 - 1200) T 24QQ ; + 800^~ _ ^qq + ^ 789 

2 “V 2 

Thus, = 2189 |im/m and e 2 = 4389 |im/m. ■ 


2. From Eq. (5.4), tan 2a = go_~ = 2000 + 800 - 1200 _ 0 5 

Eo ■ €«o 3200 

So, a = 13.3°. Discrimination between the two principal axes can be based on 
the rule that the algebraically greater principal strain makes an angle of less than 
45° with the algebraically larger of strains e 0 and e^o - Thus, g, is 13.3° clockwise 
from the +2000 pm/m gage. ■ 



SOLUTION <5-13) 

Known; Diameters are known far solid round steel shafts 400 mm long. 


Mnd: Calculate the L (orsinnnl spring; cnnslanl in {N m torque per degree ol angular 
defection), 


Schematic and Given Data: 



A nn Lysi s.: 

I . From T able 5 ,2 H 
$ _ TL. _ 32TL 


ft * E in 1111 1 = SJ' *‘f> - - SS 1, [in <,SEre ' sl 

From Table 5.1 [Case 2), 

K = ^- = where G ■ 79 GPa tor sleet £ Appendix C- 1) 


584L 


3. Knr d = 30 mm, 

0 030^(79 * 10 -1 ) 
5&4(0 400) 

4. For d = 2Q mm, 

_ 0.020^(79 x 10*) 


= 274 N’m/deg. 


= 54 N-m/deg. 


5$4(0 400) 

5. For 200 mm lengths, K - ,VIK N-tn£dcg, and 1 UK NrriAleg. lor 30 mm and 20 mm 
diameters respectively. Applying, a torque of 548 N m will cause a total 
deflection ol I + -6.07 deg J tiereforc, ft ^ *. 90 N-m/deg. 


SOLUTION (5.17) 

Known: A bracket is loaded with a force in the Y-direction. 

Find: Derive an expression for the deflection of the free end in the Y-direction. 

Schematic and Given Data: 



Assumptions: 

1 . The bracket remains elastic. 

2. Neglect deflection due to shear force. 

Analysis: 

1 . 



2. In section 1-2, M = Fy (neglect V = F). 

In section 2-3, M = Fx ; T = Fb 

3. Using Castigliano's Method, (Table 5.3), 



U = Effei + £^1 + F 2 b ; a 
6EI 6EI 2GJ 


5 _ aU _ Fb 3 , Fa 3 Fh 2 a 
3P 3EI 3EI GJ 


SOLUTION (5 18) 

Known; A bracket is loaded with a torque about the Z-axis. 

Find: Derive an expression for the resulting deflection of the free end in the 
Y-direction. 

Schematic and Given Data: 



Assumptions: 

1 . The bracket remains elastic. 

2. The deflection due to shear force is negligible. 

Analysis: 

1 . 



In section 2-3, M 23 = Qx + T, T 23 = Qb 


3. Using Castigliano's Method (Table 5.3), 


5 = 


M I2 OM l2 /3Q) 

El 


dz 


T I2 OT I2 /dQ) 

GJ 


dz 


El 


dx + 


TyOT^/aQ) . 

— gJ — dx 


where shear force V = Q is neglected. 


El 


GJ 


«= fTMdz* r<2i±iK i> dx+ rm 


EI 


GJ 


dx 


4. Set Q = 0, then 


5 = 0 + 0+ I dx + 0 
EI 


8 = 1 * 
2EI 


SOLUTION *5.23} 

Knuwn; Ln order to reduce the deEleclion ol the l-beum cantilever, a support ]S 10 be 
added al S 

Find: 

Cl} Determine the cnagnnude of the vertica] force ai £ needed to reduce the deflection 
at that point to aero 

ib) Determine the force needed to cause an upward deflection at S of 5 mm. 

(c) Commem about the effect of these forces at S on the bending stresses ar the point 

of beam allacliiikL'ciL. 

Schematic and Given Data: 




, 5kN | 

I s i 


T 


> 

300 mm n 



Assumptions: 

1 . The beam remains elastic. 

2. Transverse shear deflection is negligible. 

AnalvsJsr 

(a) 



NegieCC transverse shear, for 0 < x < a. Mrj, = Fx; and Jur a < x < b. 
Mm = Fs - Qtx ■ a}. 

2 Using the general energy equation in Tabic 5.3: 


[i :J - 2HJ +■ Q*) x 2 -t UFQa - ZQ<a> x + Q f a= 


U = 


_ F 2 : 


s-r 


:ei 


■ di 


u = J£_ ai +. F=-2FQ4ty ,. y 2PQa - 2<j 2 a j , 
' 2EI 3 2EJ V 3 r 2EI l 2 I 2EI 


2EI 3 2EJ \ 3 

3 . For zero defletbun when: Q is applied: 

<3U 

Sg 


-2F + 2Q'J 

/h J -a?l . 2Fa-4ga, 

:' h 2 - a 2 1 

2EI J 

l a* J 2EI 

l 2 J 


2EI 


a> 


Q - Mb 1 - a*) 4 sMh - 




b ? - a j a(b 2 - a 1 ) 
_J— S_ 


— "-4? - afb 2 - a 2 ) + a-(b-a) 


4. SubsLimiinjj (lemnjp fiOO mm = 3 arbitrary unit c?f length) h = 1, a = 0.4 Then. 
Q-F 


] - 0.064- 0-4(1 --016) 
3 ' 2 


q = f 


- 0 4l L - a 16) + 0.1&C0.6) 

Q-3L2-Q.16B ] = 0,144 r 

L0.312 - 0.336 4 0.0%, 0.072 


Q - 2F. I juL F ■ ?i kN , Llieicfun: Q = 1 0 1 N 
l bs Fot deflections, 5, oilier ihan Eero where Q is applied: 


fjj' 8 ■ eT i F [■ * a i Q ' a(b! ' ai) * 

- a(h 2 - a 1 ) + fi 2 ^ - a) 

Using base units ai‘ m, N, Pa: 

£15 + 5000 [ fl . 5 3 -P . ff - 0.2( fti 2 '^ 1 
- 0.2(0.5 2 - G.2 2 ) + 0.2 2 (0.3) 


. . EJ5 + 500O [0.039- 0.021] FIS +90 
y a ~am: aavTaon ~ = adw 

Q = _m5_ + 10.000, to r e = .005 ra. y = ^ * 10.000 

[J.tMW 9 * 

Note [hat ihis solution is valid for any value of & including zero. For $ = 0„ Q = 
10,000 N, as determined in pan a. Note tfoai for line special case of 6 = 0. (he 
values of "E" and T' are nut relevant (provided they are such that the beam 
deflections arc not sufficient to significantly alier (he moment equations) 

(c) In (a), the moment at the support is changed from 5 kN(0.5 m) = 2.5 kN.m to 
5(0.5 m) - 10(0.3) = -0.5 kN.m. Hence, stresses are reduced by 80% and 
reversed in direction. This is true regardless of values of "E" and "I". 

In (b), the effect of Q would be to reverse the stress and give a magnitude 
exceeding 20% of the Q = 0 stress. The greater the product El, the greater the 
stress. ■ 


SOLUTION (5.29) 

Known: A boom and tie-rod arrangement is supporting a load of 6 kN. The tie-rod is 
made of steel having a tensile yield strength of 400 MPa. 

Find: 

(a) Determine the safety factor of the tie-rod with respect to static yielding. 

(b) Determine the safety factor of the tie-rod if the vertical rod is rotated 1 R0 so that 
the 6 kN load acts upward. 

(c) Draw a conclusion with respect to the relative desirability of designing machines 
with column members loaded in tension vs. loaded in compression. 

Schematic and Given Data: 



Assumption: The tie-rod is straight. 

Analysis: 

(a) 



XM, 


0: F = — — - S.57 JcN 
0,7 m 


Tensile stress in ihe lie rod is o = ^ - r 

A 3fr It mm,‘ 


75.8 MPa 


SK=W = 5.3 


(b) 


fT - 7f5.fi MPa irt compression 

From Appendi s B- S, p = -j = 3 mm, L = =■ 700 mm =$ = 233 .3 


fcu let- Johnson tangent pome IBq. (5.3 3)] is at 


'2*?f ,4 . 

21^207 x lO 3 )' 

S v J 

400 


= 10] 


where F = 207 x !0 9 Pm (Appendix C-] > 
Hence. Euler Ei}. (5.1 1.3 applies. 


S u 


ic-E 


ir ! (207 X TO 1 ) 

(233.3) 1 


= 37 5 MPa 


Since 75.8 > 37.5, The rod will fait in buckling. ■ 

(c) Long, slender rods in compression can carry only a small fraction of die load they 
can carry in tension. 


SOLUTION (6.7) 

Known: A chm plate nt kimwn material ls loaded in tension rind has a rental crack of 
/ivfii length |iOE|KMHli:uliaf in the direction of the applied lead 

Kind: Estitsme ibe highest centile lu-eul ckvai the plate will support 

Schematic and Given I tut a: 



Assumptions.: 

t . Ibe crack length is a smalt traction of the plate width. 

2 . The tensile stress bawd on the net a/oa i mines the area ot the crack) is less than 
the yield strength. 

3. Yielding has occtEmed within one small volume n-t the material at the ciark mot. 

4. Ctack ptupa^sukui U> Hotel rmcuix inputs iiKiauuuieiMisi) when Hk limiting value 
ot the stress intensity factor K t equals nr exceeds die fracture toughness tic for 
the material 

Anal) sis: 

! From Eiq. (6.2). fl g = — = 44 9 ksi 

“ I .Str i frflLTS 

2. Since the area equals 2wi, F = o ( (2w|) - 44,900(6X0^) - I7,9fi0 Hi ■ 

Comment: E'he P/A srress based on the net area, t(2w - 2c)„ is 55.26 ksi which is less 

than &y = 117 Its L Hence the second assumption is satisfied 


SOLUTION (6,15) 

Known: A machine component with given critical -stresses, is ductile, with yield 
strengths in tension and compression of 60 ksi. 


Find: Determine the safety factor according Lo: 
{a.i the mtptimuin-iHUTTuJ-sticss theory 
(b) the miximutii^ear^BD theory 
(cj the maximum-distortion-cncrgy theory 

Schematic and Givm Data; 



Assumption: "['he roalenal is homogeneous. 

Analysis: 

1. From the above Mohr-rtrclc-, X,-.,, = (20- +■ I5K?. — 17 ^ Isi 

2 . (a) For the mat i mum- nonrtal-£^es& Theory i 

SF = 60/20 - 3.0 ■ 

tin) For the maxim um-shear-siress theory. 

SF » SOft™* = 3tfl7.5- 1.72 ■ 

(c) For the maxi mu m -distortion -energ y theory : 

SF ■ 60/S', where from F.q. {6.6) 

S L = [oy— CTl02+a2 2J|/2 

= f(20>2 - (20K-15) + ( I5)1|I« = 30.5 
thus, SF = «V30.5= 1.97 ■ 

3 Jhe existence ot a yield strength implies a dticLile material 1 for which 

* maximum- distonion-eniergy theory is 

* maximum-shear- stress theory may be. acceptable. 

* maximum-nonrial-stTess theory is nut appropriate 


SOLUTION (6.21) 

Kiujt* m The surface of a steel machine member ns. subjected! to known principal 
stresses. 

Find; Determine the tensile yield strength required 10 provide a safety Factor of 2 with 
respect to in trial yielding. 

Sche malic and Given Data; 



% Mill nipt inn; Hie nialediil is huinugeneous 

Analysis; 

1 . Maximum-sheai-stress (henry: 

Tor Ot = 200 MPa, ftj * 1 00 MPa, - 0 
W * (Q + 200)/2 = 100 MPa. 

Thus, for SK = 2, Sy = 400 MPa is required, 

2. Maximutfr distortion-energy theory: 

IrOm Ll|. ( 6 . 6 ), 

a e = «Tl2 + G2 1 - C1G2) 1/2 

= [2002 + 1002 - (200)0 00)] 1/2 = 173.2 MPa 
Thus, for SF = 2, Sy = 346.4 MPa is required. 



SULU l ION (634) 

Known: The dislnbulLun of the maximum load encountered and the distribution of 
the pan arenath are known. 

Find: Determine the failure percentage expected in service. 

Schematic and Given Data: 

r — — — 


Maximum Load Strength of Part 




Assumption: Both the part loads and the part strengths are normally distributed. 


Analysis? 

\ Rom tq. (6. 14), - \x r - 15 10= 5 kN 

2 . From Eq. (6. 1 5 ). , = «/gi +"<rj - /T?+r = 2,5 kN 
3 Thus, failures begin al j *,./&* = 5 kN/2.5 kN = 2 siandiird deviations below (lie 
mean in the z distribution 

4, Figure &.2Q shows 2.27 i £ failures- ® 


SOLUTION (7.4) 

Known: A vertical rod is subjected to an axial impact by a 100 lb weight dropped 
from a height of 2 ft. The rod is made of steel, with S y = 45 ksi and E = 30 X 10^ 
psi. 

Find: The length of the member to avoid yielding for a diameter of (a) 1 in., (b) 1.5 
in., and (c) 1 in for half of its length, and 1.5 in for the other half. 

Schematic and Given Data: 



y///////////// 

i i 






K5N -Drop 

24 

in. 

: i 



1 


Assumptions: 

1 . The mass of the members are negligible. 

2. Neglect any stress concentrations. 

Analysis: Neglecting stress concentration, the load capacities of the old and the new 
bars are the same. 



(a) 

i 


Di ameter fe 1.0 inches. 

hui at rod w ich uniform axial srrpsj;. O 



2UE _ (SH * I ft ) 

<J ] 45.000 2 


71 io.-J 


2, L = in. 

A % 

Lb) Diiinu/in n I ? inches 

] . V = 71 in.3 

2 Lm Sim ,«40i B . 
(«KI5) 


(e) Diameter uf Lfl iMto and LliUtltt 

1 Lei Vh, = sms!] end volume (Large end volume = (l 5)2 V.*) 

2 Small! end stress = Sv = 45,000 psi 


3. l.aiae end sucs .5 = — s — r 

0.5) 


4. 


Small end energy = U 5 


2L 


Vs(45.000y 
(2 }(30 1 IQ 6 ) 


5 


f'i -T"E:v/ J 45.000', 

1 (2.25 V 

Lhtkc end energy = U|. = — — L 

iE <2X30 * 101 


<i . 


L’ ^ Us + L’e. e 2400 in. 3b. = 


V^45.000) 3 L [ 1 j 

axsonioV 221 " 


7. Therefore. V s ^49.1 in. 3 


&. Ls-^-- 62.6 in. 

% 

9. Therefore, L = 125.2 in ■ 


Comment; Xoic physically why, if the "c?tcc&s diameter" were machines! off, the rod 
could! be shortened from 1 25 inches n> 90 inches. 


“ 


This assumes a deflection \*.'h:ich is ncj'li^ible ]n comparison with the 24 m. drop. 


SOUTIGN (7 T> 

Known: A 6000 lb row truck, attempted io jerk a wrecked vehicle back onto a road 
us, in £ ni 15 fooi length of snwl row cable I in in din rneler (E = I? i 10^ psi £ -d the 
cjffoLe). The low truck leaclied a speed of 3 mph at the instant the cable became taut, 
but the wrecked vehicle docs not move. The cable breaks in ilie middle and Hie two 
7.5 fool halves are connected in parallel for a second anem.pt 

Find: (a) Estimate ihe maximum impact force appLicd to the wrecked car and the 
$ims produced in the cable (h) Estimate ihe irnpaci force and 1 he cable stress 
developed in Lhe second atiempt if (lie wrecked vehicle still remains fixed. 

fidirmiLtic mid Civtn Dili; 



Assumptions; 

1 . Tire cable is anaehed rigidly to (be masses of the cars. 

2 . Ignore the mass of ilie rope. 

3 . Neglect any stress cuacenliations 

4 Ignore damping doc to internal friction within the rope 

5 The rope responds io the impact elastically. 


A nal } s is; 

(a) L 1.5 feet 

l . From Elj. (7.4i)„ wnerr v — ^ mph = 52. & inJsec 


2 . 



,Q||45 in 

( 7 S 5 KI 2 s 101 


b* = { 6000 ; 




( 52 -ZY 


^K6XO.I 145) 


= (6000X7 44) = 47 ,.600 lb 


<j =-i = 


47 ,000 th 
0.7&5 m. 3 


- 60 -6 ksi 


l» L = 1.5 feet iiwo parallel l in. cables! 

] . Bst is decreased by 4, therefore He is itiLTOased by 2. Thus, Lhc impacl 

force is 95,200 lb" ■ 

2 - Bofh Pe and A arc doubled; hence, <Je remains at 60 6 ksi ■ 


Comment; Mote dial ill (a) arid lb), tire same volume of equally stressed material 
absorbs I he saw amount of energy. 


iOLmON (7.11) ~ 

Known; A pQatfmrn is suspended hy long .steel rods. The steel rod geometry ls 
modLiied to obtain greater energy absorbing capacity. 


Kind; 

(a) Determine the smallest effective threaded section area A that uould provide 
tna.Kitnucn energy absorbing capacity for a new design, 
rb.i Using this vaiyc of A, determine the increase in energy absorbing capacity that 
would be provided by tlw steu tod design 



Assumption: Under impact Loading, Ibe rod. material exhibits brink behavior 


Analysis: 


Thread:' 

Area = 600 mnr 
K = 3.9 


— Area = 800 mm' 



Area =800 mm 1 

A = 600 mm’-, 
K = 3.9 ' 


(a) Original design 


(b) New design 


Area = A 
K = 2.6 


1 . To balance stress at thread and fillet, A = 800 ( j 1 2 ^) = 1600 mm- ■ 

2. = ^| = = 16: An increase of 1500% (the new design has 16 times the 

u a <r a 0.1 ylV 

capacity of the original). ■ 


SOLUTION (8.5) 

Known: Standard R.R. Moore test specimens are made of steels having known 
ultimate tensile strengths. 

Find: Estimate the rotating bending endurance limit and also the 10 * 1 2 3 cycle fatigue 
strength. 

Schematic and Given Data: 



Assumptions: 

1 . For steel, the tensile strength in psi is 500 times the Brinell hardness. 

2. The curve in Fig. 8.5 is an accurate representation of the S-N data for steel. 

3. For steel, the endurance limit in psi is 250 times the Brinell hardness. 

4. For steel, the endurance limit for 10 3 cycle is 90% of the ultimate strength. 

Analysis: 

1 . S n ' = 0.5S U in ksi. 

2. S for 10 3 cycle = 0.9S U 


S» (ksi) 

Sn (ksi) 

S for 10 3 cvcle (ksi) 

95 

47.5 

85.5 

185 

92.5 

166.5 

240 

100-125 

216 


Comments: 

1 . The relationship Si/ = 0.5S U is accurate only to ultimate tensile strength values of 
200 ksi. The endurance limit may or may not continue to increase for greater 
tensile strength values depending on the composition of the steel. 

2. For 10 3 -cycle fatigue strength, actual stress is not as high as calculated values 

because of significant yielding. 


SOLUTION (8.15) 

Known: Standard R.R. Moore test specimens are made of steels having known 
ultimate tensile strengths. 

Find: Estimate the endurance limit and also the 10 3 cycle fatigue strength for reversed 
torsional loading. 

Schematic and Given Data: 



Assumption: Figs. 8.5 and 8.11 can be used to estimate endurance limit and 10 3 
cycle fatigue strength for reversed torsional loading. 

Analysis: 

1 S„' = 0.5 S„ in ksi 

2. S„ = 0.58 S n ' 

3. S for 10 3 cycle = 0.9 S U s where S U s = 0.8 S n for steel 

4. Sit (fo.i) Sn fei) S for 10 3 cycle (ksi) 

95 47.5(0.58) = 27.55 68.4 

185 92.5(0.58) = 53.65 133.2 

240 (100-120X0.58) = (58-69.6) 172.8 

Comment: The relationship S n ' = 0.5S U is accurate only to Brinell hardness values of 

about 400 (200 ksi tensile strength). 


SOLUTION (8.17) 

Known: A steel bar having known S u and S y has average machined surfaces. 

Find: Plot on log-log coordinates estimated S-N curves for (a) bending, (b) axial, and 
(c) torsional loading. For each of the three types of loading, determine the fatigue 
strength corresponding to (1) 10 6 or more cycles and (2) 5 x 10 4 cycles. 

Schematic and Given Data: 



Assumptions: 

1 . Actual fatigue data is not available for this material. 

2. The estimated S-N curves constructed using Table 8.1 are adequate. 

3. Fig. 8.13 can be used to estimate surface factor, Cs- 

4. The gradient factor, Cg = 0.9, for axial and torsional loading. 

Analysis: 

1. Hndurance limits : (10 6 cycle strength) 

Sn = Sn ClCgCs 

For bending, 

S n ' = 0.5 S u = 0.5(97) = 48.5 ksi (Fig. 8.5) 

C L = 1 (Table 8.1) 

Cg = 0.9 (Table 8.1) 

C s =0.76 (Fig. 8.13) 

S n = (48.5X1 X0.9X0.76) = 33.2 ksi ■ 

For axial, 

S n ' = 48.5 ksi 

Cl= 1 

Cg = 0.8 (between 0.7 and 0.9) 

C s =0.76 

S n = 48.5(1 )(0.8)(0.76) = 29.5 ksi ■ 

For torsion, 

S D ' = 48.5 ksi 
C L = 0.58 
C G = 0.9 
C s =0.76 

Sn = 48.5(0.58)(0.9)(0.76) = 19.2 ksi ■ 

2. IQ 3 cycle strength 
For bending, 

0.9S U = 0.9(97) = 87.3 ksi (Table 8.1) 

For axial, 

0.75S„ = 0.75(97) = 72.8 ksi 
For torsion, 

0.9S us = 0.9(0.8X97) = 69.8 ksi 


3. S-N curves 



4. 5 x IQ -1 cvelc strength 

Bending: 50.5 ksi ■ 

Axial: 43.6 ksi ■ 

Torsion: 33.6 ksi ■ 


Comments: 

1 The surface factor, C s is not used for correcting the lCP-cycle strength because for 
ductile parts the 10 3 strength which is close to the static strength, is unaffected by 
surface finish. 

2. For critical designs, pertinent test data should be used rather than the preceding 
rough approximation. 


SOLUTION (8.19) 

Known: A steel bar having known S u and Sy has a fine ground surface. 

Find: Determine the fatigue strength for bending corresponding to (1) 10 6 or more 
cycles and (2) 2x10^ cycles 


Schematic and Given Data: 



S„ = 1200 MPa 
Sy = 950 MPa 


Assumptions: 

1 . Actual fatigue data is not available for this material. 

2. The estimated S-N curves constructed using Table 8.1 are adequate. 

3. Fig. 8.13 can be used to estimate surface factor, C s . 

4. The gradient factor, Cg = 0.9. 

Analysis: 

1 . Fndurance limits : (10 6 cycle strength) 

Sn = Sn ClCgCs 

For bending, 

S n ' - 0.5 S u - 0.5(1200) - 600 MPa (Fig. 8.5) 

C L = 1 (Table 8.1) 

Cg = 0.9 (Table 8.1) 

C s =0.86 (Fig. 8.13) 

S n = (600)(1)(0.9)(0.86) = 464.4 MPa 

2. IQ 3 cycle strength 
For bending, 

0.9S U = 0.9(1200) = 1080 MPa (Table 8.1) 

3. S-N curves 



4 . 2 x 10 s cycle strength 

Bending: 565.5 MPa 


Comments:; 

1 ■ Hie surface factor, C* is not used for eoneconf die I fr 3 - cycle strength hix-msc tor 
dturtile parts Lhe 1 strength is relatively yngffccied by surface, finish 
2 , Hrjr gnneal designs., pertinent test data should be- used rather than the preceding 
tc-ugli appiuxj million. 

3 Analytically tfie 200,000 cycle fatigue strength for bending may he determined by 
solving 

[Jog (1030) - log (5W 5m$ - 3) = [log <S) - log (565 5)]/|6 - log (200,000)). 


SOLUTION (8.25) 

Known: An uimotciied bar and a notched bar of known material hove the same 
mini mum cross section. 

Find; For each bar, estimate 
{a} the vaLue of static tensile load P causing fracture 
t b) Lbe value of alternating axial Load ± P that would be just on the verge of 
producing eventual fatigue fracture falter perhaps 1-5 ini I lion cycles.). 

Sett? malic and Given flata 1 . 



WHimptiun: The bar is manufactured as specified with regard to the critical fiUel 

geometry and the bin suifaix finish. 

Analysis; 

1 . For a static fracture of a ductile material, die notch has little effect. Hence, for 
bath bars, 

I s - A-S u 

where J&a = 7 4#. I MPa {Appendix C^la) 

P = BO mm) ! C74K.1 = 673 X llV N 

P » 6?0 ktt ■ 

2 . Sp-Sn'CLCGCs 

where S„ J = Q.55„ * 0.5(748. 1} MPa 
Cl - I {Table 8.1> 

Co^O.S [Table- 8.1) 


C s = 0.74 (Fig. 8.13) 

S n = 0.5(748. 1)(1)(0.8)(0. 74) = 221 MPa 
From Fig. 4.39, K t = 2.50 

Assuming Bhn = 217 (Appendix C-4a), using Fig. 8.24, q * 0.86 
Thus. Kf = 1 + (K t - l)q [Eq. (8.2)] 

K f = 1 + (1.50)(0.86) = 2.29 

3 . For the unnotched bar, 

p = A-S n = (30 mm) 2 (221 MPa) 

= 199 x 10 3 N = 199 kN 

4. For the notched bar, 

P = A-Sn/Kf = 199 kN/2.29 = 87 kN 


SOLUTION (6.28) 

Khuhii; A 1 1 i-Ja. JiiiiitlI sJlifl having a Likjwji haiducsh B£|£iiettLi:& cujufilde]} ievHtseij 
lufiioik. 

Find; With hL >uJ'e(y lucUu o( 2, esiiiuaU: the value of re versed tortjuc l3u 1 fan be 
applied without causing eventual Kali sue failure. 

ScIh™Iii nrd Oivvii Data; 



Assumption: The shall is. manufactured as specified with regard to the critical shafl 
geometry. 


Ana lysis; 

1 For steel. 

S u * 0.5 Bbn = 0 . 5 ( 150 ) = 75 ksi 


3 . 


4 , 


or, S u - 75 ksi [ 


6.890 MP a | 

ksi I 


= 5V MPi 


Sn w Su ClCoCs 

S»' = O.SSu = 0.5(517) (Fig 8.5) 

Cl ™ 0.56 (Table H. IS 

Cg- 0.9 (table 8.1) 

Ca - 0,78 (Fig. £.13) 

S r = 0,5(51 7llQ,58KO r 9>(0,7S) = 1053 MPa ■ 

At the critical point (O.fi root radius), r/rf = 0.04 and D/d = 1,2 

From Fig 4.35(C), K L = I 65 

From Fig K 23, q = 0.74 

l twice ¥ fcf - I 4 (K| - 1 }q [Hq (8 2)) 

* 1 + (0 65)(0 74) = 1 4S 

Ttierefoift, the nominal value of reversed torsional stress van be t — 105,3/1 -4(1 - 
71.1 MPa. 


„ f L 6 T _ trcd 
Hut, t = —j or I - 


red' 


16 


( 71 . 1 MPam( 20 ram . , , „ 

1= tz = 11 1,700 N-mm 

16 

wiih SP = 2, T = — 1 I N ‘™ = 55. £ Nm 


'SOLimON (H.3K) - - - 

kntmn: A »halt is subjected Lu a HulIuuLlcli: minimal stress. Ills; shale is made of 
steel having known S u iind Sv. 

find: E’-simii^rr (he safety factor with respect it> eventual fauvut: failure if. 

■fa) the stresses arc bending, 

(M the stresses arc torsional. 

SchcnuKic and Given Data; 



Assumption; The shaft IE mitnufactured as specified with regard tn surface finish and 
criliiPiJ fillet t:*dii 


Analysis: 

1 . For bending stresses, 

Sn = Sn'CLC G Cs [Eq. (8.1)] 


Sn' = 0.5S U (Fig. 8.5) 

C L =1 (Table 8.1) 

C G = 0.9 (Table 8.1) 

C s = 0.77 (Fig. 8.13) 

S n = 0.5(600)( 1 )(0.9)(0.77) = 208 MPa ■ 

2. Highest stress is at the 1.5 mm fillet where 
D/d = 1.2 and r/d = 0.03 
From Fig. 4.35, K t = 2.3 
From Fig. 8.24, q = 0.78 
From Fig. (8.2). Kf = 1 +(Ki -l)q 
K f = 1 + (1.3X0.78) = 2.01 
At the fillet 


O ni = 2.01 


l 2 


= 61 MPa 


Ga - 2.0l(8°+I*J = 96 MPa 


3. 



SF= 168/96 = 1.8 ■ 

5 . For torsional stresses, 

Sn = Sn ClCgCs 

Sn'= 0.5S U 
Cl = 0.58 
Cg = 0.9 
C s = 0.77 

S n = 0.5(600)(0.58)(0.9)(0.77) = 121 MPa ■ 

6. From Fig. 4.35, K, = 1.78 
From Fig. 8.24, q = 0.81 

K f = 1 + (1.78 - 1)(0.81) = 1.63 


7 . At critical fillet, 

Tm= 1.63pj^) = 52 MPa 

T a = 1.63(g- 0 ^ - 6 -) = 78 MPa 

8 . Thus, for torsional stresses. 



SF = 105/78 = 1.3 


SOLUTION (8.44) 

Known: A pump is gear-driven at uniform load and speed. The shaft is supported by 
bearings mounted in the pump housing. The shaft is made of steel having known 
values of S u and S v . The tangential, axial, and radial components of force applied to 
the gear are known. The surface of the shaft fillet has been shot-peened, which is 
estimated to be equivalent to a laboratory mirror-polished surface. Fatigue stress 
concentration factors for the fillet have been determined. 

Find: Estimate the safety factor with respect to eventual fatigue failure at the fillet. 

Schematic and Given Data: 




M v = 2000(50) 

= 100,000 N-mm 


Mh = 500(125) + 750(50) 
= 100,000 N-rnm 


M M\ +Mft = 141,000 N-nom 


Assumption: The shaft is manufactured as specified with regard to shaft geometry 
and surface finish. 


Analysis: 

1 . Mv = (2000)(50) = 100,000 Nmm, M H = 500(125) + 750(50) = 100,000 


N*mm; M = V M<- + Mh = 141,000 N-mm 
2. We use the Fig. 8.16 relationship for "general biaxial loads": 
Alternating stress: 


o a = 


32W 32(141,000) 


rid 


% = 


iX25)' 


(2) = 183.8 MPa 


o ea = 183.8 MPa 
Mean stresses: 


t = I eM K , J 6 (2000K125) (1 s )=1222M p a 


7td 


*(25) 


P 500(4) 

ct = 4k ( = —J (18) = 1.83 MPa 

A 


k(25) 


Gem 


= f + V t2 + !fl = 92 + Vl22.2 2 +0.92‘ 


Gem = 123.1 MPa 
3. Sn = Sn Ci,CgC s 
S n '= 0.5S U 
C L =1 
Cg = 0.9 
C s =l 


[Eq. (8.1)1 
(Fig. 8.5) 
(Table 8.1) 
(Table 8.1) 
(Fig. 8.13) 


S n = 0.5(1000)(1)(0.9)(1) = 450 MPa 



5. SF = 235/123 = 1.9 


SOLUTION (9.3) 

Known: Galvanized steel sheet metal of known area is riveted with copper rivets of 
known area. The entire assembly is immersed in salt water 


Find: 

(a) Determine which metal will corrode. 

(b) Determine the influence of using half as many rivets on the total rate of corrosion. 

(c) Suggest ways to reduce corrosion. 


Schematic and Given Data: 



Copper rivets 
Total exposed 
area = 2 in. 2 


Galvanized steel 
sheets 

Total exposed 
area = 1.2 ft 2 


Asbeet/Arivet = 86.4 


Assumptions: 

1 . Good electrical contact exists between the rivets and the galvanized metal sheets. 

2. Salt is present in the environment. 

3. The compatibility chart. Table 9.1, applies to this case. 

Analysis: 

(a) Since the galvanized metal #19 is more anodic than the copper #8, it will corrode 
(slowly, because of the area effect). 

(b) Halving the number of copper rivets would about halve the corrosion rate of the 
galvanized steel sheets, because the current density at each copper rivet would 
remain about the same, thereby halving the current density of the galvanized 
metal. 

(c) Reduce the corrosion by eliminating the electrolytic salt ions in the environment 

Comment: It is impossible to reduce the corrosion rate by using a sacrificial anode, 

since the galvanized steel is so anodic. Only magnesium is more active than 

galvanized metal but magnesium will react with air immediately. 


SOLUTION (9.12) 

Known: A latching mechanism involves steel mating surfaces of known hardness 
rubbing back and forth over a known distance. Lubrication is questionable. The latch 
is operated an average of 30 times per day. The compressive load between the 
surfaces is known. 

Find: Estimate the volume of metal that will wear away from the softer steel member 
during one year of use. 



Analysis: 

1 . Apply Eq. (9.1a), W = | j|j FS. where 

K = 5 X 10 3 (estimated from Fig. 9.12 for identical metals, poorly lubricated). 
H = (100 Bhn)(9.81 MPa/Bhn) = 981 MPa for the softer steel. 

F = 100N 

S = (2 X 30 mm/operation)(30 operations/day) X (365 days/year) = 657,000 
mm/year 

5 x 1 0 3 

W = -I (100 N)(657,000 mm/year) = 334.9 mm 3 /year ■ 

981 MPa 


2 . 


SOLUTION (10.1) 

Known: A double-threaded Acme screw of known major diameter is used in a jack 
having a plam thrust collar of known mean diameter. Coefficients of running friction 
are estimated as 0.10 for the collar and 0.13 for the screw. 

Find: 

(a) Determine the pitch, lead, thread depth, mean pitch diameter, and helix angle of 
the screw 

(b) Estimate the starting torque for raising and for lowering a 10,000 lb load 

(c) If the screw is lifting a 10,000 lb load, determine the efficiency of the jack. 

Schematic and Given Data: 



Assumptions: 

1 . The starting friction is about 1/3 higher than running friction. 

2. The screw is not exposed to vibration. 

Analysis: 

1 . From Table 10.3, there are 5 threads per inch. 

p = 1/5 = 0.2 in. ■ 

Because of the double-threaded screw, 

L = 2p = 0.4 in. ■ 

From Fig. 10.4a, 

Threaded depth = 0.5p = 0.10 in. ■ 

d m = d - 0.5p = 0.90 in. ■ 

From Eq. (10.1), 

X = tan 1 = tan- 1 (JL4-) = 8.05° ■ 

\7tdjJ l0.90rt/ 

2. For starting, increase the given coefficients of friction by 1/3: 

/ c = 0.133,/ =0.173 

From Fq. (10.6), 

ra n = tan" 1 (tan cl cos X.) = tan' 1 (tan 14 5° COS 8.05°) 

= 14.36° 


From Eq. (10.4), 


T = Wd m f /rcdm + Lcos a n | + W/ c dc 
2 ,7id m cos a„-/L 


10,000(0.90) 

2 


0.1 737^0 SO) + 0.4cos 1436* 


7t(0.90)cos 1436” 0.173(0.4) 


10,000(0.133X2.0) 

+ 2 

= 1477.5 + 1330 = 2807.5 lb*in. to raise the load 


From Eq. (10.5), 

T _ Wd m j /Ttd m - Lcos g„ j + W/ C dc 
2 rtd m cos <x„ + fLj 2 

_ 10,000(0.90) 0 1737t(0 90)- 0.4cos 1436° 
2 7i(0 90)cos 1436“ +0.173(0.4) 


10,000(0.133X2.0) 

+ 2 

= 162.89 + 1330 = 1492.89 lb»in. to lower the load ■ 

3. From Eq. (10.4) with/ c = 0.10,/= 0.13 


10,000(0.90) 

0 .1 3tc( 0 .90) + (0 .4Xcos 1436”) 

2 

7t(0 ,90)cos 1436' -0.13(0 .4) 


10,000(0.10X2. 0) 


= 1264.5 + 1000 = 2264.5 lb-in 


4. From Eq. (10.4), the friction free torque for raising the load is 


T 


10000(0.90) 

2 


(0.4)(cos 14.36”) 
7t(0.90)cos 14.36° 


= 636.6 lb-in 


5. Efficiency = 636.6/2264.5 = 28% ■ 

6. Work input to the screw during one revolution = 27tT = 2 ti( 2264.5) = 14228.8 
lb-in 

7 . Work output dunng one revolution = WL = ( 1 0000)(2)(0.2) = 4000 lb-in 

8. Efficiency = Work out/Work in = 4000/14228.8 = 28% 


Comments: 

1 . For a double threaded screw the work output during one revolution is WL where 
L = 2p. 

2. If a small thrust bearing were used so that the collar friction could be neglected, 
the efficiency would increase to 636.6/1264.5 = 50%. 


SOLUTION O0.9) 

Known: An ordinary C-clamp uses a I,r2 in. Acme thread and, a collar of 5/8 in. mean 
diameter. 

I 'ind: Estimate the force required at the end of a 5-tn. handle to develop a 200 lb 
clamping force. 



Assumptions: 

1 . Coefficients of running friction are estimated as 0. 1 5 for both the collar and the 
screw. 

2 The smew has a single thread. 


Analysis: 

1 E-rfim Sutton 30 3, 1, and considering thnl service conditions may be CUnducive lo 
relatively tugli friction. estimate/ =/ c *■ l>, 15 {tew running friction}, 

2 j-roin Table 10,3. p - 0.3 In., and with a single thread, I. = ft ] m 
3. From Fig. 10.4(a), 


dtn - d - 1 * 0.5 - 0.05 = 0.45 in 
u = 14.3° 


From Eq. f 10. 1), 



a fl - tan 3 flan a cos a} * lait 3 {inn 14.5^ cos 4.05°) 

= 14.47° 

(Note with a - 4°, it Lt> obvious dial ftn * a ami well within the accuracy of 
assumed friction coefficients} 

4. l-rom Mq,. (10.4), 



i flttlm* UtfS Pr. , We tic 
l .jrd lll emti 11 - / L / 


2 U(.Ct.45Mcos 14.47') - 
= 10.27 + 9.37 = 19.64 Jb m. Use I * 20 3b in. 


(200X0-45) | (0.15}tc[ 0 45? - P.l(ci 




At the end of a 5-in. handle, the clamping force required 


SOLUTION (10.19) 

known; In a given assembly, two parts ait: damped together by a bolt The j-aiiu of 
lk clamped member stiffness and the bait stiffness is given, (lie miLui] bull leasiuli and 
the range of the fluctuating external load are also gii'cm. 

Find: Draw a graph (plotting force VS rime) showing three ur four cstemaJ toad 
fluctuations, and corresponding curves showing the fluctuations in total boh load and 
Inlal joint clamping force. 

Schematic and Chen Data: 


F. 



^-Oiofi.OW Jh 
T=d- UWlb 


Assumption: The bolt siiic and material are such that the bolt load remains within die 
clastic range. 

Analysis: 

1 The total boh load when an external load U applied is. from Eq (]0,l3h 


Ft> = Ft + [“*“4 

ik h + kj 


Ft s 1100 + - -L - ( 6000 ) 
l + o 


= 1957 lb 



Fe = 1 100 - & (6000) 


- -4G43 lb. since *4043 < 0, F c = 0 lb and F h = 6000 lb 

2. When E' c ■ 0. sciumuon takes place: 1 100 - K ■ F c ■ 0 and thus 
F* = ? Cl 100> «= 12831b 

q 


3. Wiih no external load: F& - Fc = Fl 



SOLUTION (10.34) 

Known: 11 k: IkiIIs Dial jLtddi j. Lua-keL tu oji industrial machine jiju^L e*dl tiuiy j 
static tensile load of 4 kN ITic safety factor is fl. The nuts are made of a steel with 
3/3 the yield siren ylh and fjroof Strength of the bolt Steel. 

Find: 

<a) Determine the size of class 5.S coarse- Lhread metric bolts required 
(b) Determine the least number nf threads that musl be engaged for The thread shear 
strength to be ec|o al to (he boll teflSile StfOGglft. 

Schematic aod Given Data: 


t 0 

r^t 

JSSSSiv] 



=k///s//A 

J d 

i 

Lx , 

t LN 


Auuiu|iiioiisx 

1. For steel, Sy^«* 0.5-SSj-. 

2. The loads are equally distributed among the threads 
3 ■ (Sy>noL = 2^3 (Sy)boll 


Analysis: 

(a) 


S r = 3 SO MPa 


From Table 10.5, 

CP orceMST) = 4,000(5) N = ^ mm l 


A, — 


380 MPa 


(h) 


(Syjlmll 


From Table 10.2, select M 10 X 1.5 
Boll tensile strength “ At (-Sj >tM>iL = 38 min- 
Not shear strength = tui(0.75t’)Sys 

= jc( 10 mmM0.75t)(0.5^M2/3)(Sj.)hoii 
where Syj pertains to the nut material and (Syhmh to the boh material 
Equating the strengths gives t = 6,37 mm 
For prtch = 1.50 mm. this corresponds to 4.25 *- 4.3 thread 


sowrnorv 

Khukt): The intern aJ pressure of a pressure vesscL with a gasketed end plate it 
suffiL'irntiy imilcrm that the holt loading rim he considered static. A .ftystet clamping 
pressure of at least 1 3 MPa is needed. 

Find: 

(A) Few 3?,-, I f»- . And 20-mnt bolrs with crwiw thtrsKls twirl madr-. of $Al class (f H nr 
9.8 steel, determine the number of holts needed. 

(» ff the ratio of bolt circLe circumference Sc number of bolts should not exceed EO. 
mot be less than 5, state which of the bolt sizes considered gives a satisfactory 
halt spaemp. 


Schematic ami Given Data: 



Assumption: When calculating: gasket area, (he bolt hole area Is negligible. 


A mi I y sis.; 

7C 2 A 

<A> Clamping force required a '£)>— IT ' (pressure} 


■ x i2S0 1 - 140^ 13 = 600,358 N 
4 


Hull dia. 

Ai 

nab lu.2j 

Sp 

rrab. iu.5) 

CUmpii^ 

toll fit 90 * proof 
Inwl A^eO^Sn.) 

— 

600 klN 
rrriMfity:il 

N muter of 
tolls usquiruf 

12 irni 

1M 3 mm 3 

650 MPa 

4£3k> 

12.17 

13 

16 

3 57 

650 

91.8 

6.54 

7 

2fl 

245 

600 

13U 

4.54 

5 


(b) For 12 mm bolts: 

spacing - 230ic. r 13 = 55.58 mm = 4.63d 

For 16 mm bolts: 

spacing = 23071/7 = 103.2 mm = 6.45d 
For 20 mm bolts: 

spacing = 23071/5 = 144.5 mm = 7.23d 
The 16 and 20 mm bolts satisfy the given guidelines; 

The 12 mm bolts are a little too close together. ■ 


<-.r:i ytnnI'—;^ — — — ■- ■ 1 

Known; A grade 5, 3 -in. diameter l INF bolt has rolled threads, arid is used 10 clamp 
two rigid members together such 111 at Lc = 4k* Tliere is a force tending to separate the 
members rhai fluctuates rapidly between Q and 30,000 lb There is a possibility of 
slighL bolt bending. Two values of LmlLui tension are to be investigated: ( I) the 
hoimal value that a mechanic might tend: to apply [Eq, (e.) In Section 10.71, and t2> die 
theoretical limiting value of AiS*. 


lind: 

i.a) Make a force vs. time plot for each of the two values of initial tension 
(b> Estimate the safety factor corresponding to each of the value* of initial tension, 
where failure is considered to he either eventual fatigue fracture or joint opening 
(clamping force dropping to ixno} 


.Schematic and fJivcn Data; 



Gfkki 
l-irv UKF bolt 
mJled chrsafo 
t==«tL 

F«-Oto»inOfc 


Assumption; The material has an LdealizecE stress-str-jiii curve, with the change from 
elastic to plastic Occurring at the yield strength. 

Analysis; 

(a) Force vs iimt plotjbr two values of initial tomion: 

1 . From Table JO. I, A* = 0.6S3 in/ 

From Table 10.4, 5* - 92 fcsi 
From Table 1 0.6, Kr = 3 

l. Bq. Ce) tightening: Fi = I6,000d - 16,000 lb 

"Full tightening": F : - A t S y = (0.663) (92.000} - 61.000 lb 

3. Elastic response: — ^ — ■ = 1/5 

Itfc+k, 

{4/5 ol load to clamped member) 

When bol t is plastic : — -— ■ = 0 
k(v+fc* 

■dl of load to damped member) 



4. 



(» 

5 


ft. 


7 . 


Estimate the safety factor far jomt opening: 

For F d = 20.000 lb. Kc = 0 when ti - Ift.OOO lb 
llius, for F, = 16,000 10 
SF = 1 

and lor P L k 6 1 ,000 lb 

SF * 61.000/16,000 = 3.8 
In estimating Hie safety factor fur fatigue, 

S, - VClCgC, [Eq. <8.1 >] 


Sn' s 0.5S U {Fig, 8 5) 

S u = 120 ksi {Table 10.4) 

Cl * 1 (Table B.l) 

Cg — 0-8 {gome bcndirtgHTibk 1 S. I ) 
Ci=l (Table 10.6) 

3 n = 05(120KIMO SHl) = 4S fcsi 
For Fi = I6.0001b r 


0[ « (3) =72.4 ksi (at [bread root) 

0.663 

.uid an overload to failure proceeds as shown on the g,„ - ft-, plot to a t - 1 3> ksi 


For F ; = 61 ,000 lb. (he thread root stresses proceed from nm = $*. (*a - 0 to the 
same limiting value of = IS ksi 


B. 



9. Sin-Lt- Fa - 2000 Lb lui ihe boll, foe eillief value of F L| 

3 ' s o™' 3 > = ,ki 

hence. SP = 1S/9 a 2 

1 0. ForF\ — 16,000 lb, 5F = 1. limited by separatum. ■ 

For F; = 61.000 lb, SF - 2, limited by fatigue. I 


SOLUTION (1047) 

Known: Solutions to problems (a) 10.42. (b) 10.43, (c) 10 44. (d) 10.45, and (e) 

10 46 are given as the information in Section 10 12 and Table 10.7. 

Find: Comment on the probable accuracy of the fatigue results. If previous designs 
had been made based on these earlier results, state whether or not it is important to 
specify that the bolt threads be rolled after heat treatment? 

Analysis: 


Base 

problem 

S u 

Thread root 

o* 

Nominal 

Table 10.7 alt strength 

roll before 

roll after 

(a) 10 33 

120 tot 

18 lesi 

6 tor 

■Otoi 

21 tor 


SOLUTION (11,2) 

Known: Two sled plate* art butt welded using I 16 O senes welding rods. The safely 
factor is 3. 

Find: Determine the tensile load dial can be applied to tile plates per inch of Welded 
plate uidtli. 


Sdienutic and Given Da La; 



Analysis: 

3 Frt>m Sectinn 11 4 the weld mi ky as a yield Rtnm^ln of £> = (60 - 12} lrei = 48 Icsi 
Since 43 ksj ls less than S ;r - of the plates, the weld will yield fust. 

2. With the assumed 1 009S- efficiency: 

. 5-yA C4B .000 psiK0-50 In XL) 

^ " sr- ~ 3 

J. Ttic maximum tensile load per inch of weld is F'rt. ■ 3fKK) Ih/in B 

Comment: The load that the plate can carry 1 per inch of length is piven by F = SyA - 
(52,50O}(O 50} - 26,250 lb which significantly exceeds that of the weld 


SOLUTION (11.7) 

Known: Two stori pilin'; are joined using 3/S in. ptual let-J cuudcd fillet welds. The 
yield streneib, Sj. and die length of the welds sire known. 'Hm tafety fati-rui is. 3. 

Uind: Determine tbe maximum tensile load that ean be applied. 

Sthemulic and Given Duly; 



Amtiuaptiunsi 

1 . The throat length Ls ^iven by t =• 0.707 h. 

2, The weld efficiency is (OO^. 


Analysis: 

3 . With i = 0.707 h, the thrwl area = (0 707)(3/£K6) = 1 .59 iti.3. 

2 t rum Section i 1 A, the vicLd H-tnength of the weld material is 
S r ■ 60 - 12 = 4fl fcsi. 

3 Using the distortion energy theory $ E y = 0-58 - 0..5&(J8; = 27.® ksi. 

J Thus, F = StyA/SF = f 27 ,®00>( 1 .59 )/3 = 14,700 Jb ■ 



SQI UTTON (3 I 12) 

Known: A bracket supports a 4tXXi lb load A fillet weld extends for the full 4 in. 

l-rngth on both sides. Scries F'OO weldinf rod is used The safety factor is 3,0 

Finds Calculate the minimum weld si tv- required 

Schema I k and Given T>jui: 



Assumptions: 

1 . The throal length is given by T - 0.707 h. 

2. The weld efficiency is ]004. 

A naly sis: 

1 . The stress due to ddeet shear is given bv 
T _ V_4flOOIb_5QQ 
A St t 

2 I he stress dtre to hcnding. le given by : 
a = ^ where 

Vt = 0 in.)i'4O0O lb) = 12,000 lb.i« 


3 = 2] p l ) = 2| I = 10. 67 1 in f, c = 2 in Therefore. d s ] j ^ 

3 VerturaJ ly adding o and x Resultant stress = j v'500 2 + 2249 3 1 = ^3Qi 


4 . From SeCCatnii 1 L4 in [h* Lest, S y = 60 - 12 = 4H kfii. LiLcig Che d.isitirLcij'Jj-eaeigy 
ihcney, £ y? » 0.3 S § y a 0.51al(4fi ^ ^ 27.64 ksL 


2304 _ S t‘ 
i SF- 


27,840 


ft. 


3.0 

Since t = 0.707 K h- 


i t =0 25 io, 

_c . ~ = 015 in 

0.707 0.707 


SOLUTION (12.2) 

Knuivn; A torsion bar Imu a known Length and diameter. 


(a) Estimate the change m shear stress when one end ot the rod rotates through 75 c 
rd alive to the other end 

(b) Estimate the change in torque. 

.Schematic and (liven I fata: 


42.5 in. 



Fixed 

end 


is. 0.312 ia. 


Asiurnpliuns: 

I The bar remains straight and the torque is applied about the longitudinal axis 
1 'Hie malenal is homogeneous and perfectly elastic within ihc stress range 
involved 

Analysis: 

3 From Table 5 3 , for a torsi onal ease (Case 1) 


& = 3^ . therefore , T = M 
JCj L 


l. ft S± {7^1510 JftH 1 . 3 l rad 

J * 7&W32 = icfd.3 12^/32 « 0.00093 in. J 
From {Appendix. C'-l ), G = ll,ix l O' 1 psi 


131 x 0,00093 k 1 |.s x IQ 
42.5 


,6 


3 Therefore. T = 


■ >329.66 lb in. 


4 From F.q. (4,4). for a solid round tod. 



ntO.312) 


=* 55.3 tsi 


SOLUTION (IT. 10) 

Know a: A helical coil spring with given D aild J LS wound with a known pilch value. 
The material is ASTM A227 cold drawn carbon steel. 

Find? If Uk spring. is compressed solid, would you expect it to return to its original 
frec-lengxh when the force as removed? 

Schematic and Given Data: 



Assumptions: 

I . There arc no unfavorable residua] stresses. 

2. Both end plates are in contact with nearly a full turn of wire. 

3. 1'he end plate toads coincide with the spring axis. 


Analysis; 

i . Force to compress spring solid can be calculated by using Lq. (12.7). 
p — 

t£D 3 N 

where &/N -p - d= 10 - 5,5 = 4.5 mm. 

C = 79 * 10 s PA (Appendix C-l > 


r . (5.5 x I0 ¥(79 x I0 P )('4.5 x 10 3 ) _ v 

i- = 325 N 

]ff-V 

The corresponding stress can be calculated by using Eq. (12.6). 


T= m k 

■ 

ted 

fOT C - D/d - 50/5,5 = 9.09 


K<. = 1.05 (Fig. 12.4> 
8{325)(50 x Iff 3 ) 


T = 


te(5 5 x Iff 3 ) 3 


(l 05) = 261 MPa 


3. From bq. (12.9). r§ < 0.45 
From Fig. 12.7, S u = 1300 MPa 
"Huis. 045 Su. - 585 MPa 

4. Since 2b l MPa«c MPa. nn sei should necur; therefore, spring should return to 

original length. P 


Comment: Even considering the curvature (stress concentration) factor of the mner 
surface by using K* = I 17, the inner surface stress is only 290 MPa which is still less 
than 5S5 MPa. 


SULLTIUN ( 12 , 14 ) 

Known: A conical compression coil spring in Fig L2,6 is made of steel uvire. There 
air four active cuds. A force it applied to compress the spring. and the stresses 
always remain m the elastic range 

Find: 

(a} Which coil deflects to zero puch H rsf ? 

Cb) Calculate the force required to cause die deflection in (a) 

(it) Sketch a force vs. deflection for the spring 

Schematic and (ihrn Data: 



Assumptions: 

] There arc Evn unfavorable residua) stresses. 

2 Both end plates are in contact with nearly a lull turn of wire. 

3 . The end plate loads coincide with the spring his. 

A n a lysis : 

1. From Bq. U.H, fc = £= £%- 
d J 

Since k « and d is constant throughout, the largest active coil will have the 
D 

smallest value of II. Thus, the largest (bottom) coil will defied to zero pitch first 


2 . 


From Fq. (12.7), F = 

8D 3 N 

where G = 79 GPa (Appendix C-l) 


3. 


r (5x 10- 3 ) 4 (79 x 10 9 )(7 x 10‘ 3 ) ^ KT 

F = — = 259.67 N 

8(55 x 10‘ 3 ) 3 (1) 

Flattening the smallest active coil requires 

(5 x 10 3 ) 4 (79 x 10 9 )(7 x 10 3 ) 


F = 


8(25 x 10 3 ) 3 (1) 

Total deflection = p(N) = 7(5) = 35 min 


- = 2765.43 N 


Initial k - d4Q 

8D avg 3 N 


or k = 19.3 N/mm 


(5 x 10' 3 ) 4 (79 x 10 9 ) 
8(40 x 10 3 ) 3 (5) 


= 19,287 N/m 


Final k 


d 4 G 

8D nun 3 N 


or k = 395 N/mm 


(5 x 10' 3 ) 4 (79 x 10 9 ) 
8(25 x 10‘ 3 ) 3 (1) 


= 395,000 N/m 



SOLUTION a 2.11) 

Kn<iu n: A lieiicsd cotnptesHicm spring with squared and proimd end'; is to for mnrir fit 
steel. and preselling is CO be U&ed The loading is StalK- 

Find: Deietmine P, d. N. and Lr 

Schematic and 1 liven Haim 



!I 


Cliih iJblfHUiU 


S^t: JCOfci. 

C«* 


Assumptions; 

1 . Both end plaits are in contact with nearly a full turn nf wire. 

2 The end plate luaris coincide with the spring axis. 

3 . The clash allowance is- IQ^E of ihc maximum deflection. 

Analysis: 

1 From Kq. (12.91, tc = 0.65 Su - 0.65(200) - ] 30 ksi . 

2. With 10ft clash allowance. F 4 = 1.10(90) = 99 IF. 

3 k ■ || = ill = 33.3 IWin 

■\fi I „J 

4 From liq. (12. 6}. t 4 = -3E- CK, where Kj - 1 -06 (Fig. 1 2.4) 


tod" 



d= — — < 8 X 1 - 06 ') ' * 0128 in. 
11(130,000) 

5 1) =Cd = K(0. 128) = 1.02 uii. 



6 . 


From Eq. (12.8), N = where G = LI. 5 X 3 1) 6 j?m] (Appendix C-l) 


8D\ 


Kr (0,l2B» 4 (11.5x I0 6 ) 

IS b e IO.S2 m 

£(l.a2) 3 <33.3) 

7 . From, Fig. 12 h. for squared and ground ends, 

L i = N^dorU = CN + 2)d 
Lj = 00.92 + 2K0128H I 65 m 

U + y 

Lr = 1.65 + = 4,62 in, ■ 


Comments 


Lf/D = 




from Fig;. 12,1:0, w-e can see l hat the end plates should l>e constrained parallel to avoid 
buckling 


SOLUTION (12.27) 

known; A coil *pjjji£ willi siqu<ued and ground ends is to operate will] 4i load Ihul 
flueiuaies between 90 and ISO lb. during which the dc flection in to vary by l in Lk 
a meet spring wire having d a 0.200 mi and Jatipue strength properties an stum n on 
Fig 1 2. 16 for shot- peeked wire Presetting. and a dash allowance of I ,'4 in are to be 
u<*d. Residual Presses due to presetting are nol Hi be taken inlu aCcnunL 

Kind: Determine appropriate values for N, EJ, and Lf 

Schema tie and (riven Dalai 



Assumpliuni: 

1, Beth end plares are in contact with nearly a full cum of wire, 
2 Ilte end plate loadt coincide with [tie iptibg axis. 


Analysis— Case A—with shinlperniiig: 

1. From Fiji. 12.16. for Tmas^nuji — 2. trnax = SCX) MPa - 116 ksi 

1 From l-q ( 1 2 , 5 K t a CK W or C K* * 

nd‘ 81-nui 

™ *<0.2ft] 16.000) lrt „ 

CK * wm — 

3 . From EHy 12,4, C = 8-5 

D = Cd ^6.5(0 2) - 1.70 in. ■ 

4 k - F/6= 90/1 ■ Wlb/in 


5. From Eq. (1 2.S), k - or N = — 

8NC 8kC 

where G- 11.5 x I0* ksi {Appendix C- 1 ) 
(U.2XJI.5X iU*> 

R(90KB.5) 3 


I J* 


6. L, = (N + 2)d - {5.2 + 2)(0.2) ^ 1.44 
Clasli aUtiwince - 0.25 in. 

Working deflection = F/k = 180/90 = 2.00 in 

Lt - ] .44 + 0.25 + 2.00 = 3.69 in. ■ 


Anilysis-'Casc If — h ithcvut shcitpccnmg: 

] . From Fig, 1 2.16 : for tWtmii = 2 . - MO MPa = 93 ksi 

From Eq (12.5), t = It CK W Of CK W = ffi lB B 

ird 1 " hr jj-jax 

ru _ rc <0.2) 2 (93, 000) _ 

' * " S[ ISO) “ ' 

3 From Fig. 12.4. C = 0 5 

D = Cd = G.5C0.2) = 1.30 m. ■ 

4 k = F/5 = 90/1 = 90 lb/in, 

5. Prom Cq {12.8), I. - — i or N = 

8NC 8kC 

where fi — 1 1.5 X 10^ ksi i Append is C- 1 1 
„ (0.2X11,5x10*) 

N t 5 ! 1.6 | 

S{90)(6.5) s 

6. Li = (N + 2>d = ttl-6 + 2HO-2) = 2.72 

Clash allowance = 0 25 in. 

Wprkiug defleciiui = F/k ~ 180/90 - 2.00 m. 

Lr= 2.72 + 0.25 +2.00 = 4,97 in. 


Comment: The answers given in the [e^lfcHJuk are rxureei for uuri stiul pteeued wire 
t>u! are ipcomect for nhnl pcened wire 


SOLUTION (12.30) 

Known: When Use clutch is engaged, die springs must provide a clamping force of 
1020 lb (170 lb per spring). When I he dutch is disengaged [he springs are all (1 K1 in 
shorter where a 25 lb increase of tine force of cadi spring is considered satisfactory. 
The clash allowaiaee is ti> be 0.050 ill The wire size is 0. 192 in The material is tn be 
shul-petmed wire having fatigue properties as indicated in Fig. 12.16. L‘se a safety 
factor lor eventual fatigue failure of 1 3. Presell mr is to be used hut not taken inio 
account in the calculations 

Find: Determine a Suitable combination of D. IS'. Lj. and Lf. 

Schematic and Given Oali: 


Ciinjfiinfi 




Cl lmpir-F late 
+ iF 


Kryiped 


Assumptions; 

L . Both end plates are in CQtittCI V, i Lti dearly a ML turn of WUK. 
2. The end plate toads coincide with the spring axis. 

3 The spring s have squared and ground ends 


Analysis; 

^ t’ ^rcaci ^ mi* 170 + 25 



? . From above iTLiph,. Imu * 133 ksi 
For SF =. ] .3, w * = m ksi 

4 From Hq ( 12 51, W = CK* 

TIG" 

102.000=:-—' -— C1C,. 

tc(0 192)* 

CK.% = 7.57 

5 From Fig. 12.4, C — 6.0 

D = Cel = <6.0)(0.192) - 1.15 in. 

g 5.1 in 

1 . From Eq. (12.S). k - — ^V 3 - or N - 

£C N SC k 

whore G = 1 1 .5 x 1 C^ 1 ksi {Appendm C-l) 

h _((H92>C11 5 x 10 s ) _ 

R(6.0> 3 (250) 

S. Assuming squared And ground ends. 

U * |N 4 2jd = CT.IK0.I92) = 1.36 in. 


SOLUTION f I L4t> 

Known; A senii-eDiplic leaf spring has- four leaves, each made from 0. ] in. J< 2 in 
steel havinp known properties. 

Finch Use [lie simplified "tnaflgLiIar pJite " inudel. 

{a} Determine the total spring length needed to give a spring rale of 75 Ibfin 
(b) In service, the spring wilJ carry a static load y applied to the center) of P, plus a 
superimposed dyiunuc load which vines from+P/Zto -P/2. Detdriuiue die 
highest value of P that will give: infinite lift, with a safely factor of U. 

Schematic and Given Data: 



Assumptions: 

l The end points ap^iy to a uniform load over the width of the spring ends. 

2. Failure Jwrs not occur at the Spring end. 

3 The centra) force is aligned so as not to induce twisting in the spring 
4. The deflections do not significantly change the geometry 

Analysis: 

1 . With reference to Fig. 12.22b,. k - ^ 

b 3L 1 

where t - 30 x 10* psi ( Appendix C- 1} 

_ dU x lO ft M2JC4M0.1>' a 
3L 3 

L = 10-2 in 

Hence, spring length - 20.4 in. ■ 


From Mg.. 12 .2:2b, ff ■ 


6W2Km> „ p 

S£0.1) 2 



From graph. cr» = 42 ksi - 24H..!iP: therefore. P = 169 psi. Bui with safeij factor 
of 1.3. 169/1.3 or P= 130 lb ' B 


SOLUTION (Li. 6} ^ 

Known: SAE 40 oil is ai 95 ®F. 

t'indr Determine the density in gram per cubic centimeter 
Schematic and Given DaUi; 



Assumption: Equation 13.6a is valid 


Analysis: 

1 . 95 °F = (95 - 32) (5/9) = 35 °C. 

2. From Eq. 13.6a with T = 35 °C, 

p = 0.89 - 0.00063(35 - 15.6) = 0.88 g/cm 3 ■ 


SOLUTION (13.16) 

Known: A journal bearing has a known diameter, length, and diametral clearance. 
The journal has a given rotational speed and is lubricated with a SAE 20 oil at a 
known average temperature. 

Find: Determine the power loss and the friction torque. 



Assumptions: 

1 . The effect of eccentricity between the journal bearing and the journal is 
negligible. 

2. There is no lubricant flow in the axial direction 

3. The radial load is small. 

Analysis: 

With the above assumptions, Petroffs equation would be applicable 
1 . From Fig. 13.6, p = 12.5 mPa s = .0125 Pa s 

= 0.0125 ^ 
nrr 


2. From Eq. (b) on page 485, Tr = — 

4tc 2 (0.0125 ^%( 50 rev/s)(0.060m)(0.060 m) 3 
mf 

0 00010 m 

Tr = 3.2 N-m ■ 


3. 


From Eq. 1.2, 


W = 


nT 

9549 


yj _ 3.2 N-m (3000 rev/min) _ j 

9549 N-m rev 
min kW 


Comment: In an actual situation, we would need to verify that when dissipating 1.01 
kW, the average oil temperature in the bearing would be consistent with the value of 
viscosity used in the calculations. 


SOLUTION (13.24) 

Known: A journal rotates at a given speed and supports a known radial load 
producing a minimum friction in a journal bearing with known diameter, length and 
minimum film thickness. 

Find: Determine the radial clearance, oil viscosity, coefficient of friction and friction 
power loss. 



Assumptions: 

1 . The lubricant is supplied to the bearing at atmospheric pressure. 

2. The influence on flow rate of any oil holes or grooves is negligible. 

3. Viscosity is assumed to be constant, and to correspond to the average temperature 
of the oil flowing to and from the bearing. 


Analysis: 

1 . From Fig. 13.13, the bearing is operating at S = 0.08, ho/c = 0.3. Since ho = 
0.025 (given), c = 0.025/0.3 = 0.083 mm. ■ 


2 . 


S= 0.08 = If) y = 


' 25 j 2 H(20) 

0 083/ 5000/(0. 050) 2 


Ns 

Hence, u = 0.88 — x= 0.088 Pa-s = 88 mPa-s 
m z 


3. From Fig. 13.14, ff= 2.4, hence f= 2.4 ^^ = 00080 ■ 

4 . Power loss = fW(27tRn) = (0.008)(5000 N) [271(0.025 m)(20 rev/sec)] 

= 126 W (or 0.17 hp) ■ 


Comment: The foregoing analysis involving the Raimondi and Boyd charts applies 
only to steady-state operation with a load that is fixed in magnitude and direction. 


SOLUTION (14.B) 

Knovn; A No. 204 radial hall bearing has a 5000 hr B IO life at 1S00 jpm 
Find; Determine the bearing radial load capacity. 

Schematic and Given Data: 


1 800 rpm 

i 

No. 204 Radial ESeaimg 



F r = 7 
— n 1 



V 90ft reliability 

y- 


— ‘ Aswinc' steady loading 


B-10 life = 5000 hours 


AssumplioiH; 

1 Table E4.2 accurately gives the bearing capacity 

2. Ball bearing life vanes inversely wiLh the 1.0/3 power of the Inad. (i.e., Fjq. 
(14.5a) is accurate), 

3 The 3i fe g i ven is for a 9Qft re] i abi liiy. 

4 . The loading IS, steady 


Analysis: 

1 . From Table 14.1, fur a 204 bearing the bure is 20 mm. 

2. From Table 14.2, for Lr = 90 a 1 0^ rev and a 200 series bearing, C = 3.35 kN. 

3 . Front Fig 14 13, for 90 pcmcnl reliability, li r = l .()■ 

4. From Table 14.3, K* = 1.0 for a steadv load. 

5. From Eq (14.5a), L = KrLfttC/FsKjP 33 

6 Substituting and solving for F c : r- F r = C(L*/L)ftJ 

7 Substituting values: 


F c = 3.35 kN 


90 x 10 6 rev 


.(5000 hr)(bO !S00 rev/min) 


0.S 

= 1957 N ■ 


SOLUTION <14.15) 

Knnnn: A No. 312 radial contact hall hearing is loaded unite rnily with three different 

loads and for rhreo -d ifferent periods 

Find: Estimate the hearing life for 90% reliability 


Schematic and Git.cn Data: The load versus life ( hr) diagram can he constructed 

from (he given data 



is NO qmi. 
1200 rpirt. 

800 rptn 

"\ 

1 

• 

No. 3i2 Radial 
f coniaci besLrmg, 

9ty& rchabiliity 

b) 




• 



Assume: K a = t.O (uniform loadj 



Assumptions: 

1 The- change in load occurs withoui shock 

2 TV hearing life varies inversely with [he ttW power citho load. 

5 Miners, rule lS appropriate for this analysis. 

Analysis; 

1 ■ From Table 14.2. for a No. 3 12 ball bearing, C = 20 kN for ‘JO x |Q& revolution 
life with 90 pcrcenl reliability. 

2 . Front Fig. 14.33. for 90®: reliability. K c a 1.0. 

3. From Table 14.3. for no impart K a - 1.0. 

4 With K* = T.O, Ln = 90 x 10^, and K, =± 1,0, bq. £14. 5a) becomes 
L=90* ]0*(C/F t )3-3 a 

s With the above equation, for f’ = 20 khi, w# have for 

fa) F e = 7 kN. L = 2.9G8 * ]tf> 

fb) F t = 14 kN, L t 2.052 x 10* 
fc> F a = IS kN, L = 1 27K X 10® 

6 Let X equal the tola) bearing life in horns 

7. The number of cycles at 7 kN, m == £.55X hoirsXIbW rev/mi n)(6G minTir) 

= 59,400X cycles 

Likewise, at 14 kN. ns = (,25X bounX]200 revfminX60 min/hr) 

= 3S.OOOX cycles. 

And m IB kN. «3 = [.20X howsHW) rcvi'ininHG'O jnin/hf) 

- 9600X cycles 

8. With Ni = Lj. i = 1 ,2.3, Eq (8,3) beco me s 


£i + £l + £i»i 


N, 


59AWX , 18w00QX J %qqX 

2,%S x 10P 2,952 x 10® 1.27S x 10* 


I (cnee, X = 6406 hours ■ 

Comment; The. cumulative damage of each of three loads is respectively. 13%, 39%,. 
and 48%; i.e., (Hj/L]) h i = .1,23. 


SOLUTION (15.4) 

Known: A pinion with 20 teeth and fi diametral ptich mfshps with a pear having 5? 
Iccth. 

Find; Calculate The Standard tenter distance. 

Schematic anti Given l>ata: 



Assumptions; 

3 . The gears arc spur gicara. 

2. The gears have levnh of &ti-Lndtard involute profile, 
j . The .gears mesh along their pitch eirtles. 


Analfsii; 

1 , From l : <|, f 1 5 3 >: P = N/d = Nj/d, * N/dg 

2 . F ■ 6, N p = 20. Hence, dL = 3.33 in. 

3 Ng = 55. Hence. dg = 9 , 17 in 

cL * d c 

4. The center distance, c - -t_— - - 6.25 in. 


Comments: 

1 3 f the pears did not mesh at the theoretical pitch circles the measured (actual 
center distance would not be equal to die sms of die theoretical pitch circle radn 
of the gears. 

2 It should be evident that meshing gears must have the same diametral pitch. 


SOLUTION (15. 30) 

Known: A pinion with known module and number of teeth rotates at 2400 rpra and 
dri v*s a gear at BOO rpm 


I ind: Determine the number of teeth on [fie gear, circular pitch and, theoretical center 
tits Lance. 

St h fii ml ii,- and eru l>ala: 



Assumption: The spur gears mesh along then pitch circles. 


A net I y s is; 

] . for the 3:1 velocity ralio, Ng = 24(3) = 72 

2 . p •=? Ttm - 2 k mm 

3 . d ^ Nm ; Hence dp = -1$ mm. dg * 144 rmn 



Comments: 

1 . Similar to the diametral pitch. Lhe module must be [he same for a pan of meshing 
gears. 

2. if the module were a higher value the pitch diameters of the gears and The 
theoretical center distance would have been, higher (other parameter values 
remaining (he same). 


SOLUTION (15.13) 

Km>»il; A pair of involute guars of known base circle diameters with (a) center 
distance = 120 [mu and lb) center distance - 100 mm ir piven 

Lind: Dfittimiiic the pressure angles of (he gears t'nr esses ta i and fbX and the ratio of 
pitch diameters. 

Schematic and Otrco Data; 



Asjjumplioni Tbe spur gears mesh along, their pitch circles 


Analysis; 

l Ler rup and n* represent pinion aod gear base circle radii, respectively 


fl T 

In = 


cos 


- and r 6 = 


eos ® 


in ease (a)., c a r P + T t = 130 IP = ~^r + -■ ; 

cos 0 cos S 

cos $ ■ 0.75. = 0.7237 rad ^ 41 .4^ 

2. Similarly, in case fb). cos d z = 0.9, o - 0-4510 mtl = 25. K 

E L"." 

3. dji'd^i = dfcy/d'ijp = I2W60 = 2 (for any center dist.) 


Comments: 

1 With fixed base radii, reduction m center distance resulted in a reduction in 
pressure angle. 

2 . Changes id the pressure angle for the. gear patr did not aJtect the ratio of pitch 
diameters sinoe the pressure irtgle must he the same for meshing gears and the 
ratio of base diameters is fixed in tbii case 


SOLUTION (15.33) 

Known: A two stage spur gear speed reduoer of specified geometry is given. 
Kindt Dewnrane the radial loads applied io the eoufiiershait bearings. 

Srkmitlir ami (iivrn t^ln; 



Assumptions: 

l , The tears mesh Diking their pitch circles 
2 Fnction losses io guars and hearings can he neglected (given) 

3. The shalfs are alL parallel 

4. All the gear radial and tangential load -s tf ansferred at the pitch point. 

5. Bending deflection of the countershaft is negligible. 

6. Goar fare- width and bearing widths are negligible relative to Counter shall length 

7. The gears are rigidly connected to iheir shafts. 

Analysis: 



1 . I 'nr Ihe horizontal plane: 

20 lb (2 in.) + 35.55 lb (IQ In.) - Bh< 12 in.) = 0 
hence, Bg — 32.96 lb 

IF = 0 : 2»lb 4 35.55 lb - 32.96 lb - Ah a 0 
hcncc. Ah « 22 59 lb 
3 ■ For the verti cal plane: 

XMa =0: 

9.33 lb (2 In.) - 16.58 lb (tO in.) +- B v il2 in.) =0 
hence. B v - 12.26 lb 

D : = 0 : ■ 9.33 lb + 16.58 lb - 12.26 lb + Ay = 0 
hence. Ay * 5.01 lb 
4. The bearing radial loads are: 

Am d = ^ 22 . 59 * + 5.01 1 = 23 H lb, hence, Ac*d s 23.14 lb ■ 

Bfij - if 32. 96* + |" 2.2h" = 35.17 lb, hence, Uriel “ 35. 17 lb V 


Cummer Is: 

t The effect of considering In ebon losses, in the .gears and bearings is to reduce the 
torque run srn , lied to the output shaft while keeping the speed ratios. Hie same A 
reduction in torque' transmitted wlII result in tower gear tooth loads and hence 
lower radial loads oil the countershaft hearings 

2 The pinion on Ihc countershaft has higher tnoth loads (ban (he gear Oh l I k 

eouniershaFa because the pirn cm has a smaller radius while IlK sarruJ 

torque The higher tooth load on the pinion leads ro a higher radial load ou the 
hearing closer 1:o ihe pinion 

3 The effect of choosing a smaller diametral pilch for Ihc gears in the second 
reduction stage is to provide larger teeth 1o withstand the higher lorques and toolh 
loads of Ihe second stage. 

4 If load sharing between iceth is considered, ihc transfer of gear looih forces is doe 
strictly at ihc pnch point and will lead to different radial forces in the hearings. 


SOLUTION (15.29) 

Known: A p^ir of maiit^ Spur £ CMS of specififiJ gei?tiK , fry, maltfrioJ and 
Mianulaeturing quality is given The pinion is driven hy an electric motor of specified 
ipm iuid Ihe gear drives a bLuwtir. Doslgn Isfc is specified . 

Find: Determine (he horsepower Tatine of the jear set for a safety factor of 1 5 Slid 
^ 9 ^ reliability based only an bending falagtue, 

S-L-lii- malic and Oiven Data: 



Assumptions: 

1 . The gear s mesl) aJotig theit pitch circles. 

2 . All Hi«: seal luotii. load* ire transmuted at the pitch point 

3. 'Iticre is no loadshannjr between the teeth 

4 The electric inorot and blower CtulSlilule unironn lead driver and driven 
equipment. 

5 Tup quality bobbing operation tor manufacturing COIRSpcmds to Cum! C in Fig 
] 3. 24 fro estimate velocity factor K v ), 


Analysis; 

] . f-Ton] E(j 05. IT): fl = &£ K* SQ, Km 

h J 

Kl requires finding the pLteli Lino velocity js, 


V = 


irJn Ji(20ffi)ll00 


]2 ' , 2 
from Curve C of Fig 1 5 24, 


= 720 ipm 


SOW™ 

50 

from Fie. 1 5.23(a), J = 0.24 (for the pinion, as it is weaker and wiLb no 
load sharing) 

Also, Km — 16 (from Table 15 2 - probably best judgement) 

and K ( i = J.O (.from Table 15.1 uniform driving and driven torque) 

Therefore. 


= floi(o j u ) t l 54K1 0X16) = 82-1 F, 

2 . From Gqj. ( ] 5 . 1 S): 

Sn ™ Sn C l Cg Ci k; k* km* 

= (250 X 350X1X1X0 ^6X0 B14>( 1)(l .4) 

« 65 .£12 psi 
where 

S n ' » 250 (Atm) - 250 X J .50 psi for infinite life, 

since design life = 5 yr X (50 wk/yr) X (60 hr/wk) X (60 min/far) X 1 100 rpm 
= 9 9* ]0^> I0 fr cycles 
Cl - 1 0, 

Cc = 1 0 since P > 5 
C s = 0 66 from Fig H.13 
kj = Q.BJ4 from Table 15.3 

ki = L and km..: = 1.4 since the pinion is nnl an idler 
3 For SF * I 5 : 82 1(1 5 F c ) = &5,Hl2 
hcncc, F[= 534.4 lb 


F, V (534-4X730) 


W “ 33,000 " 33.000 

Answer : approx i maid y f 


1 1 .66 hp 


1 .7 hp 


Comment: 

] Th? bending, stresses can be reduced tbr the specified rpm by decreasing P or 
increasing h Hue ihese parameter-, as veil as Lhe factors K v and J are closely 
interrelated . Decreasing P (or the same number of leelh increases pitch diameter 
which leads to larger pitch line velocity and hence to larger values of Kv and a 
ft? treasury P lur the Same prtch diameter decreases the number of teeth resulting 
in a smaller value of I and a larger value of ft Increasing the value o] b requires 
rwcuratc mounting and manufacturing to utilize the entire face width and 
ultimately tend* to increase the value of Km Thu* choice of suitable vain© for 
gear geometry parameters for specific applications requires balancing the 
parameter values with other side eftecls. 

2 . In this problem the design life of the gear pair did not enter into the solution 
except to determine whether the gears were La be rated too - finite or infinite hie. 


SOLUTION (15.35) 

Kgicmii; A pair of Jiiatirig .spur gears of specified geometry, material and 
manufacturing cjualily is given. The pinion is driven by an electric motor of specified 
■ pin Lind the gear drives a blower Design life is specified 

Find; Determine the horsepower rating of (he gear sot for a safety factor of 1 .5 and 
99& reliability based on surface durability. 


Sebcmalic and Given Ihta: 



Asmamplinmit 

1 The gears mesh along their pitch circles.. 

2 The pear tnmh loads arc transmuted at the pilch point 
3. Tooth contact surfaces are approximated by c venders. 

J Surface stresses arc unaffected by Inhmcant anti sliding friction. 


Analysis: 

1 . From Etj. ( 15 .24) On = C p ^ j 1 ^ 1C Ki K n 


whh i _Mn»aa» R _ an 30* ms 20* . 2 , q 107 
2 R, + 1 2 2 + I 

and b = I in VL, ■= 1 5J. K n = 1.0, Km = I .6, 

d M = N'^'P = I'ZWH} in. (from the analysis of Problem 1 5.25), 

Therefore, aH - 2300 VjrSlS) = ^ 

2. From Eq. (15.25): Sh -S ic Cu Cr 

S iP - 04 (Hhn) - 10 kst = (0.4K150) - 10 ■ 130 ksi 
design life = 1 100 cyl/mib X &0 milXhr X 60 hfM'k 
X 50 wk/yr X 5 yr = 9,9 x 10 K cycles 
hence. Cll - 0 8 
Sil — 13Ch' 0.BH1) * 104 ksi 

3 . For SF = 1 .5 : 

104.000 = 69B0.5VTTK : F L = 348 Lb 


W = 


FiV 

33.000 


148(720) 

33.000 


3 23 hp 


There fore, the horsepower rating with respeci to surface durability is 
approximately 3.2 hp. 


Comment: Ttve horsepower rating of the gear pair n much lower when analyzed ft ith 
respect to surface durability than w ith respect to bending fatigue (Problem 15.29) 

Wuh olliet choices of material and geometry the opposite refill can also tR-cur. This 
problem illustrates [fie need for considering both bending fatigue and surface durability 
in the design and analysis of gears. 


SOI. H I [ON <15.43) 

Known- A simple planetary £«ar train is used as an automotive overdrive unit Speed 
ratio when the overdrive is engaged is specified and numher of teeth on the planet is 
jtiven 

Kind: 

<a j IDctermine the number of teeth on the sen and. ring.. 

thj Dcrenntnc whether four equally spaced planets be used 

<e) DfLeuniEK whether three equally spaced planets, can be used. 

Sthrmalir and Givtii Data; 



Assumptions: 

J . The gears are iFn.ii.mCed Co mesh at the pitch circles. 
2 . The planets are equally spaced (given). 


Analysis: 

1 . Prom Eq. (g?: 1 .43 = 1 + |- 

K 

where R = S + 2P=5 + 40 

Therefore, 0.43 = , or 5 = 30.175, or S = 30 teeth M 

~ 1.4286) m 


R = 70 teeth {e*aet ratio - I + 



- 20 looth planet {lop position) engages with rin.F inoih and with sun moth in 
position shown. 

- R-otiom position requires, planet engagement with ring tooth and sun roodt: Side 
posiilmi requires engagement with ring spa;? and sun space. 

'Ibis works with 20 tooth {even number) planets 

Use ol foul equally spaced planets is workable. ■ 

3 . Tor three planets: 



An even- numbered planet (as 20T) will not fit the 1 20° position shown 
Three equally fenced planets b not workable W 

Comment: It is evident from this problem that if equally spaced planets ate chosen 
from manufacturing and maintenance consideration!; ihe speed ratios available are 
limiled by ceunietne constraints. 


SOLUTION (15.47) 

known: A planetary pear limn wiLb double (Janets. two sun:-; iind noting fear l l ; 
given lumbers of teeth on the planets and doc of the suns are specified One sun is 
the input member, the other sun js listed and the .ok: is the output mete: her. 

Find: Determine Lhe input-output speed ratio. 


St hfiisaUc and Given Data: 



Analysis: 

I i-rcc body aru 

E ! m a umt clockwise torque appEicd to SI, forces on the planei-pair are as follows 
(E.et SI, PL etc represent relative radii of the members): 



Summing moments to zero: 

5.M,j =0 : Fa 

So mm i u 2 forces to zero: 


ZF = 0 hence. Fu ■= 

Therefore, arm tore] tie = 


‘o -larm radius) 


“SI 


■ Sh 


si + PI) 


= 30 ! 1 ' -0.5*55 

For ] 00 ft efficiency, e^ 4 - ■ - — 

T sl w A 


2 


Ik net. 


<3*1 


-0.3833 


= 1 714 


Velocity vector solution 



We assign unit velocity, as-shown in the figure, 
let PI. SI. tie represent relative redo 

From known point a I zero velocity, we determine planet velocity = - ~ ^ 
From to - Vfr ■ 


(-- .FZ_) j- ..32 | 

*V- ' Fl-P^' .Sl J 40-32J .30-. 17M fl 

(fls , Sl+PI I 30 + 4O 1 

3 InpuFoutput speed ratio, 

— * = -1.714 ■ 

Comments: 

J As this problem illustrates, it is not essential to have a ring gear to achieve speed 
changes in planetary gear trains. Here, the ring (an internal gear) is replaced by a 
second sun (an external gear] to perform the same hi net inn 
2,. The us? of two suns rmtf two planets allows mor? flexibility in achieving speed 
ratio than if a ring gear were used because the pairs SI , PI and 52, Pi can be 
independently chosen as long lsSl+ PI = 52 + P2 


SOLL TLOS (16 6) 

known: I "or a pair ol meshing helical |?;carF- mounted on parallel shifts, the normal 
circular pilch., pear c ruler distance, speed ratio and the number of teeth on Ihr pinion 
arc given. 

Find: Determine the hells angle 

Schematic and Chen llata: 



Assumption. si 

1 . The helical gears are aligned and siki wired to mesh along the pitch circles. 

2 . The gear LeeLh have standard involute profiles 

Analysis? 

1 . The speed latiu = 2 : 1, and Sp - 35. Hence. N s =■ 70. 

2 . nia-pt/n - 0,167 in 

3 . Center distance. 



0. ] 67(35 -t- 70) 

2 -cos 'if# 


5 Hence, ens ip = 0.97J; iff = 13.05* sa 1 3*3' 


Comment: The heli,?f angle of 13*32' is. not in the Trcommendcd range of 15 to 30 
degrees. 


SOLUTION (16.13) 

Known: A heLitaJ gear speed redticra is driven by a motor of specified speed and 
horsepower. Meli.t imyk:. normal; pressure an die and -piieh diauneiers of pimon and 
uvjx m- given. 

FindL Determine the magnitude of F ( . Hr and H a Show die directions of the tooth 
]osds on die pinion and gear 

Schema lie and Given Data.: 






Assumptions; 

] . The gear teeth have a standard, involute tomb profile. 

2 . The .gears arc ail igned and mesh along their patel) circles 

3 All lomh loads ajic transferred at Ihe pitch point and in the midpLine of the gears. 
Analysis; 

I From Ehl| (1 2]. motor torque. T - ^ — ■ 343.23 X-m 


Fi - ~r^ 


T_ 
d n 


NJ.23 N-m 

0.035 m 


-40® K 


ft = r, Lin » = F, ^ . 4092 . 1702 N 

b\ - Fi can ¥ - 4092 tail 0.50 = 2235 N ■ 

Comment; Actual loflds on n tooth nil] he lower due to load sharia g between 
adjaseat teeth if the gears have sufficient nuinber of teeth and good manufacturing 
quality. 




SOLLTION (16.21) 

Kmiwn: An cleans; ntOlur of specified rpm single? a lead involving modenk; shuck; 
through a straight tocuh h evcl gear pair flet>Tneir>v material and manufacturing 
accuracy of the gears are specified and mounting is fairly rigid UriLb cJae gear straddle 
mounted ami Ihc pinion overhung. 

Kind: listtmate (he horsepower that ran be triinsni-i I Imd lor a specified design life anti 
reliability. 


Schematic and Given Pali: 


Pinion 



IJevcl Gears: 


Steel pinion and gear 

z 

ii 

with hardness of 100 Rhn 

Manufacturing accuracy ■■ 


Curve B, Fig. 35.23 

b ■ 1 in 

LtesLgn Life: 7 years. 

9 =20° 

] 500 hr/yr operation, 

3^^ reliability 

P = 10 


Assumptions: 

t . The gears are mounted to mesh along their pitch cones and the teeth haire 
standard involute profiles 
Tiedguld's approximation is valid 

Surface stresses are uflaffecied by the presence of luh-iieam and sliding friction Ln 
the contact region 
A The gear teeth have a machined finish. 

5 . The gears operate at a temperature bdoWf L60 U 'F, 


Analysis; 

1 . Surface fatigue is usually the limiting factor 'with iforou£ti4iardei>ed SLeel fears, 
we cheek that first 


■i 


Fn>m Eq. ( 15 ,24) ■ on - C p ^ ^ K v K„ K ri 
C p = 1.23(2300) - 2X2*} 

b - 1 in. (given) 


dp. = SpfV - 2(lft0 = 2 in. 

L = 0.0B2 (Fig. 16 15 for Np =. 20. Nj * 50) 


w'iih 


V = nOn ^ ^ jyi 1200 = 623.3 fpm 

K v = 1 .32 (curve B of Fif 13 24) 

K d = 1.25 

Km - 1.2 (estimated from Table 16.1) 

We have (J H = 9«30 Vf 
3. From Eq. (J 3,25): 5 h = Sf.; Cii Cr. 

Si* =04(300) - TO - 110 kii (from Table 15.5) 

For a life of 1200 fpm X 60 X 1500X7= 7.56 X 10*, 
Fig. 15.26 shows C|j « O.S12 
For reliability, Cp = 1 
Hence, S H = 1 10(0 82K1) = 2 ksi 

Equaling : 9630 -/FJ = 90,200; hcmcc, F,. = 84 2 ib 
Therefore, horsepower nansmiiiahle is 
W = CK4.2 16X626 3 fpmVB.OOQ = 1.6 hp 
4 . To be sure, we check bending fatigue strength 


From Eq (15.17): ^ = gy K v K* K m 
J = 0.245 (from Fig. 16.13) 


Hence, c = (1.32X l.25)<! .2): 

cr = 30.8 F r 

5 . From Fq (35 IS). 5n = V ClCqC* kr k, k m < 

V - (250)Bhn = 250(300) = 75.000 psi 
Cl = 1 (hendmg load) 

Co = I (forP> 5) 

Cj =0.7 (by assumption of machined finish in Fig, 8 13) 
k T = o.ri4 

ki = 1 

fc„ u - 3 .4 

hence, Sr. = 59.629 psi 

Equaling: 60.6 Fi - 59,829 Fi =740 3b 

Hence the teeth have about 9 times. as much capacity in bending fatig ue as in 
surface fatigue. 

■fi. Ihcrefore, horsepower that can be transmuted by the year pair is 3 .6 bp. 9 


CuaiiTHnls: 

( 1} Tt> produce a balanced design of Hie gears, the horsepower radng for the gea:s 
based on bending huipite nntl surface fatigue must he approximately equal 
However, as the hending fatigue failure is catastrophic in comparison io surface 
fatigue failure, the factor of safeiy for herding fatigue failure is kept higher than 
Ihai for surface fatigue failure as in this problem. 

{23 Operation of Ihc gear set lor 201 K) br/yr instead of 1 500 hr/yr red trees the 

horsepower rapacity of the gear set to 1.52 hp from die anginal 1.6 hp ThJS 
represents only a 5% decrease in racing lor a increase in operating cycles 
[lie reason for this is the character! sdcaity low r slope of the Cl.i versus Jog 
(cycles) graph in hg I 5 27 beyond l Of 6 cycles. 


SOLUTION t17.11) 

Known; The dlmepsion? of a steel shaft we given, 

Find; Determine the critical spued of rotation for the steel -shall. 
Schematic and Oh en Data; 



.\HUJBp1 H>as: 

] Uciinng friction is negligible 

2, The hearings supporting the shafts arc accurately aligned. 
3 The shaft rtmainb linearly clastic. 

4. 'Tine shaft is simply Supported 
S-. The mass of rhe shaft is negligible. 


Analysis; 

1. 


6 a 



2 L'sing. the equation for a concentrated lead at anv point for a simply supported 
beam ( Appendix D-2) and the method of superposition, the dcflceTiopSi -Sj\ and ■Sg 

can tw determined using fl = (L 1 - x 2 - ta J ) fm 0 % x £ a 

6 LEI 

inhere for steel E = 30 x 10 1, p&j and for a round shaft I = = ir '— - 0.7J65 in/ 

64 64 



Deflection at A due to 120 Ih 

5 = — 1 2070X20) ^ _ 2 qj _ 7 q i) a O-PJ70 in, 

6I90M30 * I0 5 6 ;KCI.7S5) 

Inflection at A due to SO It: 

6 = B0(30)(20) (9Qi _ 2QZ _ 3Qi) = Q 0257 |n 

6f90)(30 x lO'XO.TBS) 

Total deflection at A. & A = 0 0370 + 0 0257 = 0.0627 in. 
Deflection at R due (o 1 20 lb: 

& C90 2 - K I? - 2(f ) = 0.03 8.5 in. 

6<90>(30 x lUty.0.785} ' 


Deflection al B due lo SO lb. 


fi = _ (90 - _ ^qz . 30 3) 

6<9QN3Q x lO^O.TSS) 


0 0406 in 


Total deflection at H- h = 0.0385 + 0.0408 = 0.0793 in 
3. Using Eq, (17.2) m Fig. 17.5(b); 


m g.{w A + wr6h) 

4 * V w A bl + W *6i 


30 / (32. 2H 1 2)T_(( 1 20)(0 O627)+(BO)(0.O793 )] 

n - * T 'V 1 2W G. 06 2 7 +'s (XU . 07 93 3 : " ‘ 


SOLUTION <17 14) 

Known; A helical gear mounted un a sliafi is simply supported by bearing A and 
bearing B and has specified load components acting lui it. the left end of the -hafi is 
free, the right end. near the bearing B, is attached !0 a flexible coupling to transmit 

torque Bering B takes thnisl Shaft material, its uhimaie and yield strength* and 
stress codcentrati&D factors arc given 

Fintl; 

fa) Delemune load, shear force and bedding moment diagrams for the shaft in the 
vertical and horizontal planes and also diagrams for torsional and axcal loading, 
(h) Determine the radial and thru si loads on the bearings. 

(el fdctltify the critical cross section of the loaded shaft and for this location 
determine the cross sectional diameter required for infinite design life 


Schematic and (liven l>ata: 



HORiZGNTAL 




? hoar 


41 


49 3 


Herding 

M.:nk'.n: 


BdraJuu; 

ynmt'Hf 



AxuJ 

Fmcc 


+HS6 


!t; lh id 


400 H 


AtSumpLiudS; 

1 . The bf-:iri n.ii wi dlhs tit small relative to the J^ti tth Of The shaft so that they can he 
idealized as point supports. 

2. Bearing friction is negligible 

3 Shaft deflection is small so Ehfli Incsnons and dlneenons of loads are constant with 
respect to the shah 

■3 The year is n p idly cramericd In the shaft. 

5 . The weights of the shaft and gear can be neglected. 

6. AxluL stresses me negligible compared [0 torsion stresses }lo be verified}. 

7 . 'J he diameter requited 4t the critical section is between 0 4 m and 2 in. so that 
the gradient factor, CG = 09 according, to Table 3,1, 

Analysis: 

1 . From the free body diagrams in the horizontal and vertical planes, 
IMa=0;JW0(S> = Bh (7) 

lienee. Bh ^ 57 1 lh 

IMa = ft; 450(5) + 400(3) = H v (?) 

hence, B, =493 lb 

Therefore, the loads on the bearings A and It are: 

A, =^ 229 1 _+ 4 T 2 ..: Ar = 233 lh 

Br = V57L J + 493 2 : B, =i 754.4 Lb B : a 4001b (thrust) 

2. The most critical sbcLiuii is just Lu right of the genu 
Fw the most critical section' 


r ro - ■ 


iOT 
ltd ' 


Kr 


16(2400 J {1 J} 


18.335 

d S 


Lj.ijii CaJdaL mean stress} 



4QQ(4j 

ltd 2 


(2)=5- 


1019 

d- 


4>|ljI l-'J 

Obu (bernii ng alL. stress} = — 7 Kr = " - 

nd J 


t/l!42 ; + 


986" 


ltd 


a) 


30.736 
° k *" d 3 

3 Applying the l-i$. b.lfi procedure: 

i — _ 30,736 

- V Ob.T + 0 ~ - y 


Assume Gam ls negligible. then Ocm = 0 + + 0 = = 

'Hie slope of the load Line is oW^ecn = 30,736/1 6,335. 


1 8,335 




5 . From iht? Goodman diagram, d 9 (J 956 in. ■ 

$, N«e; for d - 0.94, cr im = 1019/0.91- c 1.2 ksi 
mid is llteiefure negligible, and Cg - 0.9. 

Hence earlier assumptions are appropriate. 

Comment*! 

1 1 ) OsnstderaUOn of the weight of the gear and I he shaft * ill produce additional 

radial and/or thrust Loads on the bearing depending tin the orientation of the shaft 
axis in the application. 

(2j 1! the hearing, friction forces an: high enough to w arrant consideration., they wilt 
Change the torque diagram and will reduce the maximum lOique value at The 
critical section by the tficuon torque nf the left bearing 

(.3) Aldniugh ihe axiil load is oF ihe same order of magnitude a& the radial load the 
axial stress is very much smaller than the bending stress in itlis case because the 
bending moment Is fairly large, l or short slijifts lire same axial load can cause 
stresses comparable m magnitude to the betiding stresses since 1 be maximum 
loading moment will be smaller for a shorter Shaft 







SOLUTION [1 8.7 D) 

Kn^wn; A muhip(e-disk dry clutch transmits a specific horsepower at a specified 
rpm. Design. values fur rj. r n , pmix and f are given and matenih; are speeeficd. 

Find: 

faj Determine the iota! number of disks needed few a factor of safely of 2. 

(t>) Determine the leasl clamping force for (a) 

(0 Determine the interface pressures at inside and outside tadii after "break in'. 


Schematic and Given PaU; 



A Gumptions: 

L . The friction coefficient is constant, 

2 . The friction m the be-armjis is negligible, 

3 . '] he pressure duslnbmtiOn corresponds to a UCufonu wear rate with wear 

proportional to pressure and rubbing velocity 


A n a I y c i s : 

] . From Eq. (I 6.6J: i = ftp m n; T ftrJ - r,'>N 

1'he.rfo.e. T = Mf* = 63«^x2) _ )m |b m 

wish 1 = 0.2, prnjLi = 225 psi, ij = 2.5 in., and ru - 3.5 in.: 
3760 - M225}(1 5M9 2X12 25 - 6.25 )N 


2 . 


3. 


. 3 7S0 

Bence, N - m( 225 K 2 . 5 )f 0 . 2 )( 6 ) “ 15 

We use N = 2, requiring 3 disks. 


From Eq. ( IS. 7): T = Ff 


z J 2 ±li 


N 


37S0 = l j ‘(0.2)(3)2 

hence, f =3150 lb ■ 

From Eq, (IS. 5): F = 2 ^^ r t (r c - rj) . 

3 150 = 2*^ £2.5X3. 5 -2. 5) 
hence, p^ - IDO, 5 psi 

'Ulus, pressure ai inside radius - 200 5 psi and pressure at oulskk radius 


E1 '5 


200, 5 1^1 = 143.2 psi 


Comment: The rptn of rotation is irrelevant to the design of the clutch otiee torque 
capacity is determined since the uniform wear rate is assumed Linearly proportional to 
rubbing velocity and rubbing velocity is linearly proportional. So radius. The rpm 
would play a tote in ttie design if the wear race were a non-linear function of rubbing 
velocity and uniform wear rate was still expected,. 


SOLUTION (18,1 IJ 

Known: The Foiling radio* and rhe radios ro the center of caliper disk brake pads of a 
bicyde are given. The DOtuMlHd weight of l3lt* bicycle and rider equally distributed In 
the two wheels is .given. The ratio of friction coefficient* between tire and road, and 
between brake pad and metal, wheel rim is specified. 

Find; Determine Ihe clamping force required So slide the wheels on the road. 
Schematic and triven Dalai 



Assumptions r 

1 . Ihe ratio of the coefficients of friction is constant. 

2 The surface of the road js horizontal 

3 The friction in the wheel bearings is negligible 

4 Inertial forces can be neglected. 

Analysis: 

£M„ - 0: H2 5(2fM13.5 in.y = 2fF(l2.5 in.) 

beoce. F ■ 121.5 lb ■ 

Comments; 

( I) Consideration of hearing friction will reduce the damping force necessarily by a 
small amount. 

(.2) Tlic clamping force required will be different On a sloped read because a 
component of the weight will equal the normal force. 


SOLUTION <18 15) 

Known; A fir traveling at SO mph mikes a panic stop. The brakes are applied to take 
full advantage of the friction coefficient of G.B between the rite?- and pavement. 
Acceleration produced by 80 h.p engine power is determined already in Sample 
Problem 2.2. 

Find: Determine the average hotseptmej absorbed by the brakes during develeiatiou 
from SO mph to 70 mph 



Assumptions : 

1 Jhe fnctLon cuelYidenl is constant 

2. The weight of the car is constant (as in Sample Problesn 2.21 and the acceleration 
due to gravity \s 32.2 ftfwsc 2 . 

Analysis! 

From Sample Frabtea 2,2,. 80 kip gives 5.0 ftfs 2 acceietaiicui at 60 mph 

^Phrakiia (braking friction forctMaverage speed during brakmg) 

By proporlion . i accdcraiiiig foroelt averagc speed during acoekjasinE') 


Therefore, the brake hp involved is; ISO x 


32.2x0.8fps 5 
5.0 fp$ 2 


75 mph 
60 mph 


5152 


Therefore, the horsepower involved in braking the car from 80 mph to 70 mph using 
the lull friction force between the tires and the rood is 515 tip B 


Comments; 

(I) The horsepower required for braking in a panic stop using the full Friction fwoe 
available from the road is more than 6 times the engine horsepower used for 
Fransl ail uual acceleration. 

l2) If the wheels were braked with greater torque than allowed by the limiting Inchon 
force from I he road, die wheels would begin [0 slide 


SOLUTION {18.221 

Knovm; A "sbon shoe" externa! drum brake has a specified drum WLdth, friction 
coefficient. limiting average, pressure on projected contact area. and initial drum Tpm. 

E he dimensions of the drum and lever arc specified. 

Find; 

(a) Determine Lhe limning force Thai can be applied to Lbe lever 
Cb) Determine the braking rnrciue 

£c) Determine whether the hrakc is self-energizing or do-energizing for the direction 
of rotation involved. 

(d> Determine the radial force on the lever pivot. 

(e) Ebrlersnine die amount of beat generated II full brake application slops the drum in 
6 seconds. 

{0 Determine the avciage power developed by the hrakc during the stop. 


Schematic and (iittn Data: 


F = ? 



Drum width - 40 mm 
{ -0.3 

Limiting average cMlaet pressure ■ 600 kPa 
Chased on projected aruaj 


Assumptions: 

t The coefficient of friction is cOnstuU. 

2. The drum ls emeu Jar, mounted accurately to notate about sts, center and docs not 
wear 

3. The fnClio.it forces in the drum bearings and pivot bearings are negligible. 

4 The Lever is rigid and sbue LLisplacerntml is small 

5 The negati ve acceleration due lO braking is constant. 

Antlyth; 

(a) Coulact pressure = 600.000 Sfm J = 0, 6 M/mra^ 

N = (0.6 N/mm-j( I60 x 40 mm') - 3600 N 

i " * — “ 




250 turn — *■ 

-«■ * 320 mm ^ 

*r 



1 

P\ “j 


40 mm 

fN - 1QB0 J 

i 

4 



N = 

= 3600 


SMa = 0: 570f + 40(1080) * 3600(250) = 0 

hence, F= 1503 N ■ 

( b) Torque = I 080 N(200 mm) = 2 1 6 N-m ■ 

Co) Scll-cncrjy ring M 

id) Force tl A = V(3600 - 1503) 3 + 1 1 OBO) 2 = 2359 N M 

. . + Cl), Wj t\ 

l.e) From 240 rpm in a stop in f> sec, revs = - ^ t = ■* -j V 12 

Work - 2irTNr - 2n(? 16 N-m)(l2) - 16,286 N-m 
whore S r - total number of revolutions 

] leaL energy = 16,2K6 J ■ 

(f) From 240 ijun [O a stop in 6 sec. average power - lfi.286 J/((> s) = 27 E 4 W ■ 

C'e") From 1200 rpm to a stop in -6 sec, revs = -— 1 '— — ! 1 - = 60 

Wart = 2«TN r - 2 11(210 N.mK&O) = 81 ,430 N-m 
where N t = total number of revolutions 
Heat etteigy = B 1.4 30 J 

if*) From 1200 rpm to a stop in 6 sec. average power = S 1,430 jy(6 s) = 1 3.572 W 

<InmmentsL 

(1) The other brake shoe and lever not shown (to make up the pair of shoes and 
levers) will be self-enerjtizmg lor Ihc direction of rotation mdicatcd. 

(2) If the drum were not precisely cylindrical or mounted to rotate along its acis. the 
forces applied on the drum bv [fie lever would directly produce loniues on the 
drum independent nf the torques due to Inchon. 


SOLUTION (l* 31) 

Known: A simple baud brake is applied by a specified force on (he band. Drum 
geometry and the coefficient of friction between band and drum is specified Braise 
torque required is- 800 Mm. 

Find; 

(aj Determine the necessary angle of wrap, ®. 

O > Determine the linens pressure in {a}. 

Schematic anil Given Data; 



Assumptions; 

I The coefficieni of friction is constant. 

2. The band is completely flexible laterally. 

5. Ihr bull width of the band contacts (he drutri 

4. The pressure an the drum-band interface is uniform along lire width of the drum 

5. The drum is cylindrical and mounted accurately along its axis, 

Analysis: 

(a) From Lq. (IS. 24): T = 4 F i - Fj)r 
800 N-m = (Pi - 300 NjU.5 m 
1600 N ® (Pj -300 N) 

Hence. Pt = I9W N ■ 

P | | aiYi 

Ftom Eq. (18.26): p ' = ete : = eQ.aJ# = 6.33 

(MS* = In 6,33 - 1.79 
Hence, * * 4. 1 0 rad * 235' 3 
(b> From liq (18.27): 

F t 1900 N _ ™ u . , 

■W “ " f b “ (500 mm) (30 ram) " °’ 127 NfmU 

Hence, = 127 tPa ■ 

Commriihi 

i, 1 1 The design of die bind requires c onsidcratkm of the tensile fatigue and flexure 
fatigue stresses and strengths of the band material as well as hunting ccrnmci 
pressures between The band and drum Material choices are primarily influenced 
fey the friction coefficient requirement between the bam! and drum 
(2) If the band were nnt flexible enough w if the riled loads were low, a significant 
percentage of actuating energy could be spent in Hexing the baud. 


SOLUTION (19.2) 

Known; The angle of wrap on a pulley increases from (60° to 200° without change 
slack-side tens ion, 

Find; Determine the percentage increase in torque capacity of the pulley. 

Schematic and (liven Data: 



A ssu in prions: 

] . The Coefficient of friction is cons Lull throughout Lhe angle of wrap. 

2 The eapacily of the belt drive is determined by the capacity of The small pulley. 

3 . The belt withstands the load. 

4. Centrifugal force le negligible 

Analysis: 

1 . For 0 = 160* - 2,75? rad. Pi/Pj - e* = eJKMWTW = 2.31 

2 . Poe « = 20(F = 3 .45? tad. P 1 /P 2 = e 1e = e*° » i.w - 2 . 8 j 

3. For = 160^. T = (Pi - Pi) f ■ {2.3 E Pi - Fj) r - I 31 Fj r 

4. For - 200°, T a (Pi - Pj> r 2 [2.S5 Pi - PiJ r - 1 .85 P? r 

5. Increased torque capacity - *| 31 * = 0,41 =41^ ■ 


Comment; If the initial angle of wrap had been 150° rather than 160°, then the 
increase in torque capacity would have been 55% rather than 41%. 


SOLUTION (19.10) 

Known: A pulley of given rotational speed, diameter, And angle of wrap drives a V- 
h i. ■ 1 1 with known friction. wei eIlU, and maximum tension. 

Find: Determine: the maju mum power (unsunned by the smaller pulley. 

Srhcniatic and Given Uata: 



Assumptions: 

1 . The friction coefficient is uniform ihroujjbtuH thc L contact area. 

2 . The effect of centn fuga] far cc is irriponant. 

Ana lv si s ; 

1 . From E, (IM). S-.V. (** ■ <« 

= 37.5 lb 

2 . from Bq (19.3), 

where f — — f- for ibc V-bcIi 
sinfi 

BO - 57-5 = rftLtkM il-xiltanKh = ft #2 
P, ^ 37.5 

= 6S.7 lb 

3 T = C P fc ■ ?;} r = (250 -6B 7) (3 ) = 544 lb m. 

4. From Eq. (1 3), W = "J ^ = jjj ffl- 44 ^ I fu ^lu.} _ 3Q 2 hp 


